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ABSTRACT 
 
The majority of the worlds’ population now live in urban areas, with urban areas 
growing at a faster rate than other land use types. Most urban residents are concentrated 
in neighbourhoods of low biodiversity, and there are concerns about urban residents’ 
disconnection from nature. A lack of ecological knowledge and pro-environmental 
behaviour has conservation implications. I surveyed Wellington households (n=453) 
and investigated possible predictors of residents’ ecological knowledge about birdlife, 
bird feeding, and tree planting connected to birdlife. Three measures of knowledge 
were tested, species freelisting, neighbourhood bird knowledge, and photo 
identification. Key predictors of higher levels of ecological knowledge were increased 
frequencies of visiting local and regional parks, higher levels of garden space, and 
higher educational qualifications. However, all models had low predictive power. 
Species richness and perceived access to greenspaces were not significant predictors of 
ecological knowledge. Residents had a lower knowledge of native birdlife compared 
with exotic species across all measures. Forty-two percent of respondents fed birds, 
10% targeting native species, and 36% planted trees for birdlife. Knowledge of 
neighbourhood birds and garden size were key predictors for each. This study shows 
the importance of urban greenspaces for ecological knowledge and behaviour, and 
efforts should be made to encourage visits to greenspaces. 
 
 
 
 
 
2 
 
 
Acknowledgements 
 
There are a number of people I would like to thank who have contributed in various 
ways to the completion of this thesis. First and foremost, I would like to thank my 
supervisor, Dr Michael Gavin, for all the time, guidance, enthusiasm and 
encouragement given throughout the year. Thanks especially for your perseverance 
with me after all seemed lost, and for patiently getting me back on track. 
I would like to thank my Ministry of Hard Work colleagues, Mark, Joe, Ed, and Vicki, 
who all helped make the thesis experience an enjoyable one. I wish the Ministerial team 
all the best for the future. To the new office crew, I sincerely thank Babs for your 
empathy and encouragement, and Fei for your friendly company and delicious cooking. 
Many thanks to all the other graduate students who thankfully reminded me that life 
existed outside the university walls, especially Emilio, Rob, Chris, Nico, Charlie, and 
Aaron. Thanks also to Thea, for providing the incentive to finish.  
Special thanks must go to Sarah, for your encouragement and offerings of food. It was 
much appreciated. To Eunica, I thank you for brightening my life when I needed it 
most. Memories of your company will linger long after this thesis is forgotten.  
Very special thanks must go to Bernie, of which there can be no other. For the curry 
dinners, the late-night encouragement, the badminton, and outlook on life, I thank you.  
And, of course, thank you to my parents, for making this study possible. 
 
 
3 
 
Table of Contents 
 
 
Abstract          1 
Acknowledgements         2 
List of Figures          5 
List of Tables          6 
Chapter One : Introduction        7 
1.1 Impact of Urban Ecosystems on Urban Residents   14 
1.2 Ecological knowledge       20 
1.3 Conservation-related behaviour      26 
1.4 Research Objectives       30 
Chapter Two: Methodology        31 
 2.1 Case Study – Wellington, New Zealand     31 
 2.2 Site Location – Wellington      33 
 2.3 Site Location – Survey Design      35 
2.4 Survey Design        38 
2.5 Survey Questions        41 
 
Chapter Three: Results and Analysis       50 
 3.1 Urban Wildlife and Ecological Knowledge Survey – Response Rates 50 
 3.2 Ecological knowledge       51 
 3.3 Respondent Socio-Demographics     58 
 3.4 Ecological Knowledge Analysis      63 
 3.5 Bird Feeding and Tree Planting      72 
3.6 Bird-Related Behaviour Analysis      76 
3.7 Exotic and Native species       80 
 
 
 
Chapter Four: Discussion and Conclusion      83 
4 
 
 4.1 Ecological knowledge                83 
 4.2 Predictors of ecological knowledge     84 
 4.3 Native and exotic bird knowledge     90 
 4.4 Unexplained variance       92 
 4.5 Bird feeding and tree planting      93 
 4.6 Urban planning considerations      97 
 4.7 Research suggestions       101 
 4.8 Conclusion        103 
 
References          105 
 
Appendix           
1. Questionnaire sent to participants     117 
2. Bi-variate correlation analysis      126 
 
 
 
 
 
 
 
 
 
5 
 
List of Figures 
 
1.1  Urban Populations as percentage of total population in 2005   8 
1.2  Urban Population as percentage of total population     8 
1.3  Relative importance of anthropogenic agents of fragmentation  9 
1.4  Pathways whereby human activities lead to altered biotic structure in          
urban settings         13 
2.1  Population of New Zealanders in rural and urban areas   31 
2.2.  Map of Wellington showing the greenspaces managed by the Wellington                        
City Council         34 
2.3  Aerial map of Wellington showing study area, landscape types, transect              
routes, and locations   surveyed (numbered points)    37 
3.1  The self-rated level of ecological knowledge of the respondents  51 
3.2  Comparison between the respondents’ self-rated level of ecological    
knowledge and their actual knowledge, measured by the number of              
birds free listed.        52 
3.3  The number of birds respondents had seen or heard in the neighbourhood 
measured against their perceived level of knowledge   53 
3.4  Number of bird species freelisted in five minutes    54 
3.5  Number of bird species respondents had seen or heard in their       
neighbourhood within the past year      55 
3.6  Number of birds the respondents correctly identified from photographs 56 
3.7  How the respondents answered questions concerning bird identification       
from photographs        57 
3.8  Frequency of visits to parks and participation in outdoor recreation         
activities         62 
3.9  The accessibility of local green spaces, as perceived by the respondents 62 
3.10  Percentage of respondents feeding birds on their property   73 
3.11  Percentage of respondents planting trees on their property   73 
 
 
6 
 
List of Tables 
 
2.1  Description of the six transect routes (A to F), along which the survey  
locations were spaced out.       38  
2.2  Definitions of the landscape types used to describe the land cover    
surrounding each survey location.      48  
3.1  Geographic variation of the response rates      50 
3.2  Comparison of respondents’ knowledge level between different             
measures of ecological knowledge.       58 
3.3  Comparison table of the composition of survey residents with the           
averages for Wellington City population     59 
3.4  Partial correlations of the variables correlated with knowledge,           
controlling for other correlated independent variables   64 
3.5  Socio-economic and other predictors of ecological knowledge: results          
from stepwise linear regression      66 
3.6  Significance of the regression model, ANOVA summary   68 
3.7  Socioeconomic and other predictors of ecological knowledge: results           
from linear regression of native and exotic bird knowledge   69 
3.8  Significance of the regression model, ANOVA summary   71 
3.9  Comparison of respondents participating in bird feeding and tree            
planting versus nonparticipants based on socio-demographic factors. 75 
3.10  Partial correlations of the variables correlated with knowledge,           
controlling for other correlated independent variables   77 
3.11  Socioeconomic and other predictors of ecological behaviour: results            
from stepwise logistic regression      79 
3.12  Significance of the ecological behaviour regression models   80 
 
 
 
 
7 
 
1. Introduction 
 
 The aim of this study is to examine urban ecological knowledge and the links 
between ecological knowledge and behaviour. I will do so through an examination of 
the ecological knowledge and behaviour of Wellington residents towards avian wildlife. 
The study of ecological knowledge in urban areas is an important one, given the rapid 
growth of urban populations worldwide. The United Nations (2007) predicted that the 
portion of the world’s population living in urban areas will equal the rural population 
for the first time in 2007. Currently, the percentage of the population living in urban 
areas is significantly larger in developed countries, reaching 81% in North America 
(United Nations, 2007; see Figs 1.1 and 1.2). Urbanisation of the world’s population 
has occurred rapidly during the twentieth century. In 1900, only 13 percent of the 
world’s population was made up of urban-dwellers, increasing to 29 percent in 1950, 
and reaching 49 percent in 2005 (United Nations, 2007). The projections are for this to 
increase to 60 percent (five billion people) by 2030, including 80 percent of the 
population in developed countries (United Nations, 2007).  Urban areas are currently 
expanding at a faster rate than any other land use type, and the impact of urbanisation is 
even more acute when we consider that the number of households and urbanised land is 
outpacing population growth in many regions due to a trend in fewer residents per 
household (Liu et al., 2003; McKinney, 2002). 
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Figure 2.1 Urban Populations as percentage of total population in 2005 (UN, 2007). 
 
 
Figure 1.2 Urban Population as percentage of total population (UN, 2007). 
 
As urban areas continue to grow, there are increasing concerns about ecological 
integrity of urbanized landscapes. The growth of urban areas causes land exploitation 
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that often decreases the amount and quality of green space, and the remaining areas of 
green space become fragmented and isolated (Marzluff and Ewing, 2001; Stenhouse, 
2004; Sandstrom et. al., 2006b). This habitat fragmentation generally leads to a major 
alteration of vegetation and species composition, often with detrimental effects on 
biodiversity (McKinney, 2006). Fragmentation can have a devastating impact on local 
ecosystems (Luck et. al., 2009), and urbanisation has thus become a major concern in 
conservation biology (e.g. Miller, 2002). Of the main anthropogenic activities that 
fragment natural landscapes, urbanisation has the greatest local effect on wildlife 
because of its persistence on the landscape and its dissimilarity to natural land cover 
(Fig. 1.3) (Marzluff and Ewing, 2001). Taken on a global scale, as the extent of urban 
development increases, urbanisation is likely to overtake agriculture as the dominant 
agent of fragmentation (Marzluff and Ewing, 2001).  
 
Figure 1.3. Relative importance of anthropogenic agents of fragmentation. Urbanisation is 
expected to have the greatest local effect on native animals because once an area is 
urbanised it rarely reverts back to a more natural condition, and the urban matrix is very 
dissimilar to native land covers. Source: Marzluff and Ewing, 2001. 
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Public and private urban greenspaces are generally reducing over time (Grose, 
2009). Urban greenspaces can include public parks, reserves, natural heritage areas, and 
private residential gardens (De Sousa, 2003). In many urban areas, private gardens can 
represent the largest single proportion of green space (Garston et al., 2005), providing 
physical linkages between green spaces and green refuges (Mathieu et. al., 2007). The 
reduction in private garden space is mainly due to increasing suburban densities and 
greater house sizes (McKinney, 2002). As a quantitative example of greenspace 
reduction, the city of Tokyo, Japan, experienced a loss of 369 square kilometres  of 
green space between 1975 and 2005, whilst the built up area increased by 659 square 
kilometres (Takahashi 2008). In Phoenix, Arizona (USA), modelling studies suggest 
that the urban area will soon be highly fragmented ecologically as large patches of open 
land are broken up, resulting in a decline in patch diversity and complexity (Berling-
Wolff and Wu, 2004). Similarly, studies from Perth, Australia found that the smaller 
reserves in the highly populated inner metropolitan area display high levels of 
fragmentation, higher levels of weed infestation and path density and low vegetation 
condition, compared with those reserves in the outer urban area (Stenhouse, 2004). 
Even in places where urban growth is occurring at a moderate rate, such as Sweden, 
urbanisation is still increasing the degree of fragmentation and isolation of green spaces 
(Borgstrom et. al., 2006). The fragmentation of the remnant vegetation may have 
critical ecological implications. While some species that are able to survive in small 
remnant patches may adapt well to urban environments (Rickman and Connor, 2003), 
most taxa are likely to be negatively impacted by the effects of habitat fragmentation 
due to urbanisation (Connor et al., 2002). 
In addition to fragmentation, urbanisation also changes the quality of habitat 
remaining within urban areas (Rickman and Connor, 2003). The changes in habitat 
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quality due to urbanisation can be caused by pesticides, air pollution, changes in light, 
nutrient and water regimes, soil compaction, and exotic species (Connor et al., 2002). 
Cities tend to homogenise the physical environment as they are usually designed to 
meet the needs of one species, humans (McKinney, 2006). Homogenization occurs 
because a small set of species, which are ‘urban adaptable’ (e.g., house sparrows, rats, 
rock doves), become locally abundant and increasingly widespread in cities around the 
globe (see McKinney, 2006). Although species richness can increase or decrease with 
urbanisation depending on the taxonomic group, the spatial scale of the analysis, and 
the intensity of urbanisation, the general trend is for a decline in biodiversity 
(McKinney, 2008). In urban environments, the most commonly studied taxa are bird 
species (see McDonnell and Hahs, 2008). For avian populations, urbanisation tends to 
select for omnivorous, granivorous, and cavity nesting species, with increased 
urbanisation generally leading to an increase in avian biomass and density but a 
reduction in richness (Chace and Walsh, 2006; McDonnell and Hahs, 2008). 
This reduction in species richness reflects a general loss and decline of native 
species, which are replaced by fewer exotic species (see Marzluff, 2001; McKinney, 
2002; Adams, 2005; Chace and Walsh, 2006; McKinney, 2008). Non-native species 
richness arises from two basic factors: (1) increasing importation of non-native 
individuals, and (2) favourable habitat for the establishment of non-native species 
(McKinney, 2006). The disturbed habitat created by urbanisation promotes non-native 
species by providing resources, reducing the threat of natural enemies, and altering the 
physical environment to improve conditions for the non-native invader (Shea and 
Chesson, 2002). Because of the homogenisation of urban environments, bird 
communities of highly-urbanised areas are often more similar with other cities than 
with adjacent natural ecosystems (Blair, 2001). Urban exploiters such as rock doves, 
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starlings, and house sparrows are common to all cities from Europe to North America, 
migrating from city to city rather than being native to a region (McKinney, 2006). 
Consequently, urban residents are therefore exposed to reduced native diversity.  
On the other hand, the urban landscape is becoming increasingly important for 
maintaining biodiversity (Sandstrom et al., 2006). On a global scale, there is a positive 
association between human population density and biodiversity, as people tend to live 
in areas of high diversity (Cincotta et al., 2000). As a result, there is a great potential for 
conservation of biodiversity in urban areas (Schwartz et al., 2002). Amongst all 
taxonomic groups, species richness declines in areas with extreme urbanisation, but the 
effects of moderate levels of urbanisation vary significantly (McKinney, 2008). In some 
situations, the addition of non-native species may exceed the loss of native species to 
give a net gain in species richness (McKinney, 2008).  
In general though, the trend is for declining urban biodiversity and reduced 
species richness, with a reduction in native species with increasing urbanisation. 
Human activities in urban areas influence the biological diversity and species richness, 
summarised below in Fig 1.4. However, the resulting urban environmental change also 
impacts on humans as well, affecting how urban residents interact with the 
environment.  
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Figure 1.4. Pathways whereby human activities lead to altered biotic structure in urban 
settings. The dashed lines indicate where more research is needed to address the 
mechanisms. Source: Shochat et al., 2006 
 
While urban landscapes are among the most profoundly altered ecosystems on 
the planet, they have traditionally been little studied in comparison with non-urban 
landscapes. Urban ecological studies have a long history, dating back from more than 
fifty years (Luck and Wu, 2002), yet a study of the papers published in nine leading 
ecological journals between 1995-2000 found only 0.4 percent focused on cities or 
urban species (Collins et. al., 2000). In recent years however, there has been an increase 
in interest in urban ecology (McIntyre et. al., 2001; Collins et al., 2000; Pickett and 
Cadenasso, 2006). Urbanization creates a different socio-ecological system compared 
with other systems, acting on a variety of spatial, temporal, and functional scales 
(Grimm et. al., 2000; Pickett et. al., 2001; Borgstrom et. al., 2006).  
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Some main principles of urban ecology have been developed, and Cadenasso 
and Pickett (2008) identify the following five principles: 1) cities or urban areas are 
ecosystems, 2) they are heterogeneous, 3) they are dynamic, 4) human and natural 
processes interact in cities, and 5) ecological processes remain important in them. For 
example, urban green spaces have been commonly understood as unchanging and 
isolated entities in the urban landscape, and not as integrated elements of a larger urban 
socio-ecological system (Borgstrom et al., 2006). Key attributes of the urban model are 
learning and feedback between the human and natural components of urban ecosystems 
(Pickett et. al., 1997).  To integrate human activity successfully into an ecological 
model, it is necessary to realise the importance of human decision-making, culture, and 
the many factors which influence urban residents’ ‘quality of life’, such as educational 
activities, recreation, wealth, and community health (Grimm et al., 2000). In other 
words, urbanisation has significant ecological impacts, which, in turn, can have 
profound implications for humans.  
 
1.1 Impact of Urban Ecosystems on Urban Residents 
The loss of green space in cities can have many detrimental impacts for urban 
residents, and is a growing issue throughout the world (Bonnes et al., 2007). Urban 
green spaces offer urban residents the opportunity to experience nature within the city, 
contact they otherwise may not have, as well as providing many other benefits 
(Chiesura, 2004). Sanderson (2002, p. 162) observed that “in the foreseeable future, 
most of the world’s population will not know nature in any direct way.” The 
fragmentation and loss of green spaces has implications on humans for recreation, 
health, ecosystem services, and general well-being.  
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Urban ecosystems are increasingly seen as critical in providing ecosystem 
services valuable for human health and well-being (Millennium Ecosystem 
Assessment, 2005), yet the exploitation and degradation of urban green spaces reduces 
their ability to sustain these ecosystem services (Ernstson et al., 2008). Such services 
can include, for example, mitigation of air pollution, noise, and heat (Millenium 
Ecosystem Assessment, 2005). Additionally, because many urban citizens do not 
depend on locally functioning ecosystems due to the support for energy, resources, and 
waste retention being provided by ecosystems elsewhere outside the city (Borgstrom et 
al., 2006), the degradation of urban ecosystems may not be readily noticed.  
Easily accessible urban green areas also provide opportunities for urban 
dwellers to have contact with nature, learn about and appreciate nature (Yli-Pelkonen 
and Niemela, 2005). They can help alleviate urban alienation, the process where urban 
residents become alienated from nature and natural processes (Cranz and Boland, 
2004). The appreciation of contact with nature may even be part of a distant effect of 
the conditions under which early humans evolved (van den Berg et al., 2007). In a 
broad sense then, the presence of green spaces in cities is a prerequisite for human well-
being (Frumkin, 2001). Urban green spaces are highly appreciated by residents, and an 
important factor in residential satisfaction (Burgess et. al., 1988; Bonaiuto et. al., 1999;  
Bonnes et al., 2007). Studies suggest that the physical properties of urban green spaces, 
such as their availability and richness in biodiversity, are related to residents’ 
appreciation and frequency of visit to these spaces (Bonnes et al., 2007). As an example 
of their importance, the lack of green space and parks was the main reason given for 
people moving out from the city of Leuven, Belgium (van Herzele and Wiedemann, 
2003).  
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Research also shows that access to green spaces can reduce stress-related 
illnesses, and improve general health and well-being (Frumkin, 2001; Grahn and 
Stigsdotter, 2003; de Vries et al., 2003; Pretty et al., 2005; Tzoulas et al., 2007; Maas et 
al., 2009, Mitchell and Popham). Simply viewing natural settings from the window has 
been shown to substantially contribute to residents’ satisfaction with their 
neighbourhood and with diverse aspects of their sense of well-being (Kaplan, 2001). 
The importance of urban nature for the recreation and well-being of residents 
should not be underestimated (Kuo et al., 1998, Niemela, 1999). The amount, and 
quality, of green spaces can affect residents’ activity patterns, frequencies of everyday 
recreation, and the way in which knowledge about the environment is acquired (van 
Herzele and Wiedemann, 2003). Having green spaces nearby in the neighbourhood has 
been shown to increase the outdoor recreational activities of urban residents (Neuvonen 
et. al., 2007; Giles-Corti and Donovan, 2002; Grahn and Stigsdotter, 2003; Giles-Corti 
et al., 2005), although one study did not find any relationship (Hillsdon et. al., 2006). 
There are also other positive social benefits to urban green spaces, for they can play an 
important role in residents’ feelings of attachment towards the community, and their 
interactions with other residents (Kim and Kaplan, 2004). The frequency of visits to 
urban green areas has been shown to be significantly higher among residents in urban 
neighbourhoods that have a high quantity of green spaces (Bonnes et al., 2007). 
Accessibility is important, as studies show that most people are unwilling to walk more 
than 400m (10 minutes) from home to reach a neighbourhood green space (e.g. Burgess 
et al., 1988). Urban planning can maximise access by incorporating a continuum of 
green space sizes from smaller, local parks close to people’s homes to larger parks at 
the urban fringe (Caspersen et al., 2006).  
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Despite the many benefits of urban green spaces to local residents, green spaces 
are often unevenly distributed within cities. Diverse green spaces are often 
disproportionately located in wealthier city neighbourhoods (e.g. Iverson and Cook, 
2000). Research from Baltimore has shown a significant positive relationship between 
the likelihood of a community to contain areas with trees and grass (green 
infrastructure) and its level of income and education (Grove and Burch, 1997). The 
distribution of native and exotic plant species, the density, structure of the understory, 
and plant diversity have all been linked to the socio-economic status of the 
neighbourhood (Hope et al., 2003; Martin et al., 2004). In Phoenix, Arizona, USA, 
neighbourhood vegetation richness increased across a gradient of low to high socio-
economic status (Martin et al., 2004). Socio-economic factors accounted for ninety 
percent of the neighbourhood vegetation richness variation, with income the most 
significant factor. 
Other aspects of urban nature are also unevenly distributed. For example, bird 
diversity tends to vary spatially in cities. A Melbourne study found that streetscape 
vegetation can have a significant effect on bird diversity, with parks and native 
streetscapes generally supporting fewer introduced species than exotic and recently 
developed streetscapes (White et al., 2005). In Vancouver, neighbourhoods of higher 
socioeconomic status tended to have a higher native bird species richness and 
abundance than ones of lower socioeconomic status (Melles, 2005). This was possibly 
due in part to land values in urban areas often being heavily influenced by the 
proximity of parks and other green space (Melles, 2005). A study evaluating bird 
diversity across different cities worldwide found a pattern of decreased bird diversity in 
neighbourhoods where most residents are concentrated (Turner et al., 2004). A Chicago 
study found high-income neighbourhoods to contain a higher number of exotic bird 
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species, while low-income neighbourhoods had more native and migratory species 
(Loss et al., 2009). This contradicts previous studies (e.g. Melles, 2005), and Loss et al. 
(2009) hypothesised that income could have been linked to fine-scale vegetation 
characteristics influencing avian richness, such as the proportion of native plant species. 
The proximity to large natural preserves also enhanced avian richness (Loss et al., 
2009). They also found that as neighbourhoods aged, the avian community shifted from 
being comprised primarily of native species to being increasingly dominated by exotic 
and migratory species, contrasting earlier studies (e.g. Palomino and Carrascal, 2005). 
The characteristics of the landscape preceding new housing developments seemed to be 
important (Loss et al., 2009), and was likely to help explain for the different findings. 
A consequence of this unequal distribution of urban nature is that, within cities 
worldwide, the majority of residents are concentrated in areas of impoverished 
biodiversity (Turner et al., 2004). This trend occurs in spite of substantial diversity 
being present in cities overall, and is even more severe when examining native species 
(Turner et al., 2004). The implications of this are troubling. As mentioned earlier, green 
spaces can have numerous psychological and restorative benefits, but they also provide 
residents with a link to the natural world. By the year 2030, it is estimated that the 
majority of the earth’s population is likely to be living in a state of “biological poverty” 
(Turner et al., 2004). This is defined as when urban citizens experience below-average 
levels of native species diversity on a daily basis. A consequence of this may be the 
‘extinction of experience’, whereby urban residents experience reduced biological 
diversity and local flora and fauna, followed by disaffection and apathy, in turn 
producing more degenerative environments (Miller, 2005). If urban residents are 
experiencing less diversity and encounter fewer native species, there may be worrying 
consequences for conservation.  
19 
 
  One consequence of the decline of native species in cities is the ‘Pigeon 
Paradox’ (Dunn et al., 2006), a situation where urban dwellers depend on a connection 
with nature that may be comprised largely of non-native organisms, such as feral 
pigeons, which are currently viewed as undesirable pests. With thousands of species 
facing the threat of extinction in the next 50-100 years, the links between urban nature 
and conservation outside cities may be important (Dunn et al., 2006). If urban residents 
are unfamiliar and disconnected from their native environment then it may be difficult 
to persuade them to promote native species conservation, which holds increasing 
importance as more and more people live in cities worldwide (McKinney, 2002; Turner 
et al., 2004; Miller, 2005). To illustrate the lack of knowledge about ecological issues, a 
British study of schoolchildren aged between 4 and 11 showed that the children were 
more than twice as good at identifying Pokemon characters (a card game) than in 
identifying common organisms found locally (Balmford et. al., 2002).  
The impoverished biodiversity and lack of native species experienced by most 
urban dwellers may have a big impact on the levels of ecological knowledge and 
environmental behaviours of urban residents. As well as providing direct benefits such 
as recreational, psychological, and environmental services, urban nature experiences 
can provide wider educational services by increasing residents’ interest and knowledge 
in the environment (Yli-Pelkonen and Niemela, 2005). Studies have shown an 
increasing gap between people and the natural world, and a correspondingly growing 
ignorance in environmental knowledge (Miller, 2005). These human connections with 
the natural world could be restored by providing meaningful interaction with nature in 
close proximity to where people live and work (Miller and Hobbs, 2002). If, for 
example, local residents are able to observe changes in urban environmental patterns 
and processes or ecological conditions (e.g. habitat fragmentation, loss of species), this 
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may help them understand the same changes taking place elsewhere. The end result 
may be that their overall awareness of environmental issues is raised (Yli-Pelkonene 
and Niemela, 2005). This direct experience with nature can promote emotional affinity 
towards, knowledge about, and interest in nature, which in turn can be a powerful 
predictor in pro-environmental behaviour (Kals et al., 1999). Lack of knowledge is a 
factor that can explain the weak relationship between environmental concern and 
environmentally responsible behaviour (Fransson and Garling, 1999). Indeed if, as 
hypothesised by Chawla (1998; 1999), direct experience with nature is a prerequisite in 
determining an individual’s conservation action, then the quality and quantity of 
experiences that urban residents have with the natural world has immense importance. 
In summary, the ecological impact of urbanisation may have big impacts on the 
ecological knowledge and environmental behaviours of urban residents. Thus it is 
important to understand the factors that may account for the variance in residents’ 
ecological knowledge. 
1.2 Ecological knowledge 
 There is no rigid definition of exactly what ecological knowledge is, and the 
definition has been widely contested in the literature. Ecological knowledge, in its 
simplest sense, would be knowledge about the natural world and its processes, the 
relationship of living beings with one another and with their environment (Berkes et al., 
2000). Olsson and Folke (2001) define local ecological knowledge as being knowledge 
held by a specific group of people about their local ecosystems, concerning the 
relationships among organisms and also between organisms and the environment. This 
may be a mixture of scientific and practical knowledge. For most of human history, the 
main form of knowledge amongst people has been based on experience and testing and 
has been adapted to the local environment (Reyes-Garcia et. al., 2005), called folk or 
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traditional ecological knowledge. However, other forms of ecological knowledge are 
not traditional, (i.e. not passed down over generations and not involving management 
and social institutions). Berkes et al. (2000) describe four levels of ecological 
knowledge, one aspect being the names of living components of the ecosystem. This 
will be the focus of my research, investigating knowledge about species, the ability to 
identify birds. This level of ecological knowledge can provide an indication of the 
participants’ connectivity with the local environment (Pilgrim et. al., 2008).  
Today, with increasing urbanisation, the local environment for much of the 
world’s population will comprise urban areas. With trends showing reduced 
biodiversity and a reduction in native species richness in urban areas, two questions 
arise: (1) if urban residents are experiencing reduced biodiversity in urban areas, does 
this translate into reduced knowledge about the natural world?, and (2) with the 
dominance of common non-native species in cities, does this translate into reduced 
native species knowledge? As the proportion of people living in urban areas increases, 
it is important to know how urban environments influence residents’ ecological 
knowledge. If urban residents are exposed to poor ecological conditions then people’s 
baselines of ecological health are liable to diminish over time, referred to as 
intergenerational amnesia (see Pauly, 1995; Turner et al., 2004; Miller, 2005). This may 
have negative consequences for residents’ ecological knowledge and appreciation of 
nature, and in turn the conservation of nature everywhere (Turner et al., 2004). An 
individuals’ local environmental knowledge can vary depending on the degree of 
exposure to the natural world (Guest, 2002), which in turn can be affected by a variety 
of variables such as geographic residence, economic pursuits, recreational activities, 
and differential access to information (Johnson and Griffith, 1996). In this study I seek 
to examine how environmental knowledge varies according to geographic and socio-
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economic criteria, and to investigate whether certain predictors such as green space 
interaction and avian richness might predict levels of knowledge about birds.   
 There have been few studies that explicitly examine ecological knowledge of 
urban residents. Even so, the lack of ecological knowledge among urban residents has 
long been a concern (Schneider and Salk, 2002). These concerns seem justified, as 
comparisons between rural and urban residents show that rural residents are able to 
identify more local species than urban residents (Pilgrim et. al., 2007). In a study in 
Georgia, USA, McDaniel and Alley (2005) found that local environmental knowledge 
declines with increasing urbanisation.  
In non-urban environments, the research investigating the link between socio-
economic variables and folk knowledge has produced mixed and unclear results 
(Reyes-Garcia et al., 2005). The factors affecting ecological knowledge can be different 
based upon social, cultural, and economic differences (Pilgrim et al., 2007). Gender, 
income, ethnicity, age, recreation activities, and nature experiences have all been shown 
to affect ecological knowledge. The influence of gender on ecological knowledge 
varies depending on the location and type of knowledge tested. For example, studies 
have found gender to be one of the most important demographic influences on attitudes 
towards wildlife, with a greater knowledge of wildlife amongst males (Kellert, 1976; 
Kellert and Barry, 1987). Gender differences in perceptions of nature are also well 
documented (see Martino, 2008). However, other studies show gender does not have a 
significant impact on environmental knowledge (McDaniel and Alley, 2005; Pilgrim et 
al., 2007), or environmental support (Gupte, 2002).  
Studies of urban residents in the UK found that the knowledge of local species 
names was low, older people tend to be able to identify many more local species than 
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younger people, and that the variance between experts and non-experts was large 
(Pilgrim et al., 2008). The length of time at the residential location was also found to be 
significant, with a longer length of time at the address correlated with a higher degree 
of knowledge. Amongst other socio-economic indicators, higher income levels have 
been linked to having a more active interest in nature, which correlated with a higher 
level of ecological knowledge (Kellert, 1976; Johnson and Griffith, 1996; Turpie, 
2003). However, income had little or no impact in other studies (McDaniel and Alley, 
2005; Pilgrim et al., 2007). Studies also show that ethnicity can be also a predictor of 
knowledge (Kellert, 1976; Johnson and Griffith, 1996).  
Studies that have examined local ecological knowledge (e.g. Voeks and Leony, 
2004; Quilan and Quilan, 2007) show that demographic variables such as age, gender, 
and ethnicity are significant in predicting people’s level of ecological knowledge. There 
were negative relationships between knowledge and education, and with academic 
skills. However, some studies show that schooling can be positively associated with 
knowledge (Reyes-Garcia et al., 2005). 
In urban areas, while studies show a higher education can be positively 
correlated with knowledge levels (Kellert, 1976; Kellert and Barry, 1987), more recent 
studies show that that formal education is not a strong predictor of knowledge (Guest, 
2002; McDaniel and Alley, 2005; Pilgrim et al., 2007). It seems, in urban areas, that the 
most effective acquisition of ecological knowledge can lie outside the classroom, in 
outdoor experiences. While socio-economic variables can be important in the 
acquisition and social distribution of ecological knowledge (Guest, 2002), 
environmental knowledge seems to be distributed in a much different pattern than other 
types of knowledge (McDaniel and Alley, 2005). Rather than variables such as 
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education and income, environmental knowledge seems more closely linked to an 
individuals’ exposure to the natural environment (McDaniel and Alley, 2005).  
A study in Georgia, USA (McDaniel and Alley, 2005), found that the key 
variable in the variance in urban ecological knowledge levels was active participation 
in outdoor recreation. Active bird-watchers had the highest environmental knowledge 
scores. Tarrant et al. (1997) also found bird-watchers to be significantly more 
knowledgeable and concerned about wildlife than others. The more time people spent 
outdoors in the natural world, the more knowledge they had about its characteristics, 
suggesting a potential for a strong negative cycle in the process of urbanisation (Tarrant  
et al., 1997). Numerous studies support the view that humans are becoming 
disconnected from nature, with a decline in nature-based recreation and National Park 
visits (Pergams and Zaradic, 2006; Pergams and Zaradic, 2008; Kareiva, 2008). 
Pergams and Zaradic (2006) show a correlation between this decline and an increase in 
sedentary activities involving electronic media. Similar trends exist in Japan and Spain, 
suggesting the trend of fewer visits to nature is widespread (Pergams and Zaradic, 
2008). However, in the United States, while some forms of outdoor activities are 
declining (e.g. fishing, camping) other forms are growing (e.g. bird watching, outdoor 
photography) (Cordell et al., 2008). In Sweden, despite increasing urbanisation, 
residents visit parks outside the city about once a week in summer, similar to levels 
twenty years ago (Sandstrom et al., 2006). Therefore, urbanisation’s impact on 
recreation may vary, and this has important implications for ecological knowledge. 
Residents’ experiences with nature do not just happen locally, and urban residents may 
maintain contact with the natural world through travel and recreation outside urban 
centres. 
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Interactions with nature are undoubtedly important for ecological knowledge. A 
United Kingdom study suggests that the frequency of individual visits to the 
countryside is the most important factor influencing ecological knowledge (Pilgrim et. 
al., 2007). There was a direct positive relationship between knowledge level and the 
frequency of visits outside urban areas. The study found that the individuals with the 
highest ecological knowledge levels acquired their knowledge from family, 
environment-based occupations, and hobbies (Pilgrim et. al., 2007), with the lowest 
acquiring their knowledge through television and schooling. This is of concern as 80 
percent of children from industrialised regions rely on television and schooling to 
provide them with their ecological knowledge, even though it is the least efficient way 
of disseminating this knowledge (Pilgrim et al., 2007). However, with children 
spending more and more time indoors, natural connections may be getting lost. UK 
studies show the average time a child spends outdoors per day has drastically declined, 
reducing from 86 minutes in 1981 to 42 minutes in 1997 (Orr 2002, in Pilgrim et al., 
2007). 
There are conflicting results for the variables that are significant in predicting an 
individuals’ ecological knowledge, suggesting that more research in this field needs to 
be undertaken. Significantly, more research needs to be conducted in urban areas, with 
most research on ecological knowledge focusing on traditional knowledge of non-urban 
residents.  The role that the access and quality of green spaces have on shaping 
ecological knowledge has not been thoroughly tested. Additionally, all the previously 
cited research has thus been carried out overseas, with no studies that I could find 
having been undertaken locally. This study will help to provide a New Zealand 
prospective on this issue, and add to the existing international literature on this topic.   
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1.3 Conservation-related behaviour 
As well as impacting on knowledge, activities involving direct experiences with 
nature may also impact on environmental behaviours (Tarrant et al., 1997; Rogan et al., 
2005). If environmental knowledge, attitudes, and behaviour are linked to exposure to 
the environment, then the lack of biodiversity and native species richness in urban 
environments may be fuelling a negative feedback cycle, with poorer and poorer 
ecological conditions as a result (e.g. Miller, 2005). Identifying possible characteristics 
of those involved in pro-environmental behaviour should be useful in understanding 
how urban ecosystems may be enhanced.  
Environmental behaviour is a complex field for research. Numerous models of 
environmental behaviour exist, for example: The Elaboration Likelihood Model (Petty 
and Cacioppo, 1981), The Theory of Planned Behaviour Model (Ajzen, 1991), The 
Value-Action Gap Model (Blake, 1999), The Reasonable Person Model (Kaplan, 
2000), The Value-Belief-Norm Model (Stern, 2000), and the Model of pro-
environmental behaviour (Kollmuss and Agyeman, 2002). The models identify certain 
variables that seem to be prerequisites for pro-environmental behaviour. Conservation-
related behaviour can be influenced by demographic, external, and internal factors 
(Kollmuss and Agyeman, 2002). External factors include institutional factors (such as 
the provision of the necessary infrastructure), economic factors, and social or cultural 
factors (Kollmuss and Agyeman, 2002). Internal factors include the individuals’ values 
and attitudes. According to the Value-Belief-Norm model (Stern, 2000), people need to 
value the environment for its own sake, and they need to know about environmental 
issues to understand the consequences of human actions. In studies on the factors that 
had shaped the values of environmentalists, childhood experiences in nature was the 
most important influence (Chawla, 1998, 1999). Amongst those who were active in 
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environmental clubs later in life, at least 50 percent of those people identified childhood 
nature experiences as being significant (Chawla, 2007). Emotional connections also 
seem important in shaping beliefs and values towards the environment, and people 
seem more likely to conserve nature when they have these direct experiences (Chawla, 
1998, 99). Direct experiences with nature with all five senses should be offered to 
promote emotional affinity towards and interest in the environment (Kals et al., 1999). 
Hungerford and Volk (1990) identify variables that predispose people to take an 
interest in the environment as a prerequisite for responsible environmental behaviour. 
An individuals’ perception over whether they have control over the behaviour is also an 
important internal factor (Newhouse, 1991). 
Other internal factors influencing conservation-based behaviours are 
environmental awareness and environmental knowledge. Chawla (2007) identifies three 
factors that frequently predict pro-environmental action or intention to take action: 
gender, socio-economic status, environmental attitudes and knowledge (see Chawla, 
2007).  
This study is linked to an ecological avian study conducted in Wellington in 
2008 (Vinton, 2008). With access to these data, my focus is on behaviour directly 
related to urban bird ecology. For urban dwellers, two ways residents can participate in 
pro-environmental action and encourage bird life is by bird feeding and tree planting. 
Therefore, I will examine rates of bird feeding and the planting of trees that provide 
bird food and influence avian composition .These specific pro-environmental 
behaviours may be influenced by numerous factors. 
For many urban residents, bird feeding and tree planting are ways to provide a 
connection with the natural world (Fuller et. al., 2008). Additionally, there are 
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ecological benefits from both tree planting and bird feeding. Native birds can be 
encouraged to frequent gardens by selective plantings of vegetation, with higher native 
bird species abundances in gardens with native plants (Day, 1995). Bird feeding can 
also play an important role in the conservation of species (Cannon, 1999), as bird 
feeding is a long-term activity that can result in easily accessible, energy-dense sources 
of food for birds (Lepczyk et. al., 2004). An increase in feeder stations match closely 
the increase in bird numbers in gardens for numerous species (Chamberlain et al., 
2005), which can be perceived as a positive or negative effect depending on the bird 
species which benefit (i.e. native or exotic). In turn, there is some debate as to whether 
urban bird feeding itself is actually desirable in terms of bird conservation (Parsons et 
al., 2006; Ishigame and Baxter, 2007).  
However, much non peer-reviewed literature exists advocating the use of bird 
houses and promoting bird feeding amongst householders (Lepczyk et al., 2004), and it 
is a commonplace and popular activity in many parts of the world (e.g. Rollinson et al., 
2003; Ishigame and Baxter, 2007). For example, between one-fifth and one-third of 
households in Europe, North America, and Australia provide supplementary food for 
wild birds (Rollinson et al., 2003; Lepczyk et al., 2004). Estimates in the UK suggest 
that between 48 percent (Davies et al., 2009), and 60 percent (DEFRA, 2002) of 
households with a garden feed wild birds. Bird feeding is a common feature in 
Australian urban areas, with a Brisbane study showing 37 percent of respondents 
regularly feeding wildlife and birds being the main recipients (Rollinson et al., 2003). 
An American study across urban residents found 44 percent of landowners provided 
bird houses, and 51 percent planted or maintained vegetation for birds (Lepczyk et al., 
2004).  
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Studies find there are certain attributes common to those participating in bird-
related behaviour. The accessibility of a garden and the average garden size are 
important variables in the spatial variation of wildlife gardening (predominantly bird 
feeding) (Gaston et. al., 2007). Women were more likely to feed birds and plant 
vegetation, and people more highly educated were less likely to feed birds (Lepczyk et 
al., 2004). Landowners who fed birds, provided bird houses, and planted or maintained 
vegetation were older than those who didn’t (Lepczyk et al., 2004). In the UK, the 
prevalence of bird feeding across different neighbourhoods’ decreases as socio-
economic deprivation increased, and increased with bird species richness and 
abundance (Fuller et. al., 2008). In Vancouver, Canada, people in the poorest 
neighbourhoods have lower levels of being involved in neighbourhood tree planting 
and community greening efforts than more well-off citizens (Melles, 2005). The poorer 
ecological conditions in lower socio-economic neighbourhoods may disassociate 
people from native diversity in the city, leading to lower support for natural diversity at 
regional or national levels. However, other studies have shown no link between the 
socio-economic status of householders and the participation by householders in 
activities to encourage wildlife (Garston et. al., 2007). Tree planting and bird feeding 
can have a huge influence, but no studies have examined the prevalence of these 
activities in New Zealand cities. I will fill this gap and also examine the many possible 
factors that may influence these important conservation-related behaviours. 
In summary, the ecological impact of urbanisation may have big impacts on the 
ecological knowledge and environmental behaviours of urban residents. Thus it is 
important to understand the factors that may account for the variance in residents’ 
ecological knowledge and behaviour. There are no studies that I could find examining 
New Zealand urban residents’ knowledge about avian wildlife, nor about the 
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prevalence of environmental behaviours such as bird feeding or tree planting. This 
study should help fill this gap in the literature, and help understand whether exposure to 
reduced biodiversity and reduced native species richness corresponds to a reduced 
knowledge about these species. This study will also examine other possible predictors 
for knowledge, such as socioeconomic factors and exposure to green spaces, and also 
examine whether these are predictors for bird feeding or tree planting. This study may 
also contribute to questions about urban planning, by examining how city design may 
positively affect residents’ environmental knowledge and behaviours. 
 
1.4  Research Objectives 
1. To measure the ecological knowledge of Wellington urban residents. 
To investigate possible predictors of ecological knowledge. 
 
 
2. To investigate the patterns of bird feeding behaviour amongst urban Wellington 
residents. 
To investigate possible predictors of bird-related environmental behaviour.  
 
3. To investigate Wellington urban residents knowledge of native/non-native 
species 
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2. Methodology 
 
2.1 Case Study – Wellington, New Zealand 
Wellington is seen an ideal location to examine the knowledge and behaviours 
of urban residents. New Zealand is one of the most highly urbanised countries in the 
world, with 86 percent of the population living in urban areas (Statistics New Zealand, 
2005). New Zealand transformed from having a predominantly rural population to an 
urbanised population, with just under 60 percent of the population living in a rural areas 
in New Zealand in 1881 (Statistics New Zealand, 2005; see Fig 2.1). The number of 
households in New Zealand has also increased substantially, contributing to urban 
expansion, due to the combination of population growth and the reduction in average 
household size (Liu et. al., 2003).  
 
 
Figure 2.1 Population of New Zealanders in rural and urban areas, Statistics NZ (2005) 
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Wellington is seen as an ideal location to investigate peoples’ bird knowledge, 
residents’ behaviour, and the effect of urbanisation. New Zealand has developed a 
unique bird fauna as a result of its unique location and geography, making it a special 
area for study. In Wellington, the creation in 1995 of the Karori Wildlife Sanctuary 
(comprising 225 ha of regenerating lowland forest protected by a predator-proof fence) 
has led to many rare native species being re-introduced. Additionally, council initiatives 
such as possum and other pest control measures have contributed to a resurgence of 
birdlife in urban Wellington, along with more native trees being planted in gardens 
(Department of Conservation, 2008). An increase in bird-related interest around 
Wellington may lead to an increase in knowledge and a general concern about wildlife 
(Tarrant et al., 1997). However, it is also important to note that Wellington may not be 
typical of urban areas globally or in New Zealand because of the abundance of green 
spaces here. Perhaps, Wellington could be seen as an ‘ideal’ location in that the level of 
ecological knowledge of the urban residents could be expected to be at the higher end 
of the knowledge spectrum if knowledge is correlated with access to nature (e.g. Miller, 
2005). 
 The ecological impacts of urbanisation in New Zealand follow the general 
trends found globally, with declining species richness correlated with increasing 
urbanisation (van Heezik et al., 2008; Vinton, 2008). Wellington is an ideal location to 
test residents’ knowledge of birds as it can be compared with recent ecological studies 
of Wellington’s bird populations. In Wellington, the house sparrow, starling, black-
backed gull and feral pigeon comprise 60 percent of individual birds found in the city 
(Vinton, 2008). House sparrows and starlings were the most widespread and abundant 
species, both being exotic. Native forest birds such as the silvereye, fantail, tui, and 
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grey warbler all show a descending abundance distribution from the less urbanised 
outer suburbs to the central commercial districts (Vinton 2008). These trends are 
mirrored in another New Zealand city, Dunedin (van Heezik et al., 2008). With the 
prevalence for exotic species in urban areas, it is hypothesised that urban residents 
might have a better knowledge of these species compared with native species. This may 
have implications for conservation attitudes and behaviours related to native and non-
native species throughout New Zealand. 
  
2.2 Site Location – Wellington 
 I conducted all data collection in Wellington, New Zealand. Wellington is 
situated at the southern-most tip of the North Island, at a latitude of 41.25°S (shown 
below in Fig 2.3). Wellington is an ideal location to investigate my objectives as recent 
ecological avian studies have been carried out by Jennifer Vinton (Vinton, 2008) in 
Wellington City. Bird abundance data have been collected from locations all around the 
urban area (see Section 2.3), which can be compared with my research into residents’ 
knowledge. Urban ecosystems are typically organised along gradients extending from 
the surrounding landscape to the town centre (Savard et. al., 2000), and the survey sites 
chosen encompass this range of habitat. I collected data via a self-administered mailbox 
questionnaire, and the 41 sites surveyed are all situated within a five-km radius of the 
central business district of Wellington (41° 16’ S, 174° 46’ E) (Fig 2.3 below).  
Wellington has a population density of 619 individuals per km² (Statistics New 
Zealand, 2008), and is more densely populated than most other New Zealand cities. The 
high population density is largely due to the geography of the region, with a limited 
amount of flat or low slope building space between the harbour and the hill country that 
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surrounds the city. The landscape of Wellington city is very diverse, with up to 500 
square kilometres of regional parks and forests, and 102 park and recreation areas 
within the city (Wellington City Council, 2008). The map in Figure 1 below shows the 
areas of green space in the city. The central city itself is flat and largely devoid of large 
areas of green space, but the amount of green space increases with distance from the 
Central Business District, especially towards the west. The greenbelt areas are situated 
on hills that surround the central city.  
 
Figure 2.2 Map of Wellington showing the greenspaces managed by the Wellington City 
Council. Source: Wellington City Council, 1998 
 
2.2.1 Wellington Characteristics - Socio-economic variables 
The latest survey in 2006 found the population of Wellington City to be 188, 
440 (Statistics New Zealand, 2008). Residents in the Wellington region and Wellington 
City tend to be highly educated, and have in general a higher percentage of higher 
formal education qualifications than the rest of the country (Statistics New Zealand, 
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2008). Fewer residents in the Wellington Region have no formal qualification than New 
Zealanders in general (Statistics New Zealand, 2008). Wellington residents also have a 
higher median income ($28,000 for people aged 15 years and older) than the rest of 
New Zealand ($24,400). There is also spatial variation of socio-economic variables 
within the suburbs of Wellington City. The transects where I gathered my data 
encompassed all of these areas, and are also shown below graphically in Fig 2.3. 
Wellington was a logistically convenient location for me to conduct this research, as I 
have lived in the city for eight years and been based at Victoria University of 
Wellington for the last three years.  
 
2.3 Site Location – Survey Design 
I collected data using a self-administered mailbox survey of Wellington 
residents in February and March 2008, closely following the locations used by Jennifer 
Vinton (2008). Research into bird ecology and abundance was conducted by Jennifer 
Vinton over a 12 month period in 2007. Vinton gathered data between March 2007 and 
March 2008 on all the bird species seen and heard along six transect lines, each 
originating in the central city and radiating out to the outer suburbs, with bird count 
locations located at approximately 400m intervals along these transect lines. The strip-
transects were chosen by Jennifer to reflect the typical forms of development in the 
suburban-urban landscape of Wellington City. The transects radiate out from the central 
business district through higher to lower density residential suburbs and green spaces 
intermingled with built habitat. I used these same bird count locations to examine 
people’s knowledge about birds, by surveying households surrounding each bird count 
location. In this way I got a complete cross-section of the city, with households 
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surveyed in the central city to the outer suburbs, crossing different socio-economic and 
geographical zones. An advantage of matching my survey locations with Jennifer’s 
bird-count points is that it enables me to compare residents’ knowledge with Jennifer 
Vinton’s data on bird diversity and abundance.   
At each bird-count location I distributed surveys to all the households within a 
100m radius, to a maximum of 35 households. If there were no households within 
100m of a bird-count point, I disregarded this location from my survey, as I wanted to 
be able to accurately compare bird abundance with resident’s knowledge. This occurred 
at a number of points within the CBD, mainly near the waterfront. If more than 35 
households were within this distance, the closest 35 households to Jennifer Vinton’s 
bird-count location were surveyed. This number of households was selected as a large 
sample size was needed to examine the large number of variables I wanted to test, and 
because the response rate was difficult to predict in advance. Selecting 35 households at 
each location would gave a total of approximately 1000 households receiving the self-
administered questionnaire, for with some locations it was not possible to reach 35 
households. Some locations included apartment buildings, and if this occurred, I took a 
random selection of apartments within the building. This was done using a random 
number generator, until the desired number of households from the area was achieved. 
Each individual apartment was included in the total number of households from which 
35 was chosen, but the number of apartments chosen from each apartment complex was 
limited to five to ensure a building was not over-represented (However, in the situation 
where thirty-five houses couldn’t be reached within the requisite 100m, then I surveyed 
more than five apartments from each block). The self-administered questionnaires were 
addressed to ‘The Head of Household’, and were hand-delivered to the household 
letterboxes. 
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Overall, I surveyed households at 41 different locations in Wellington, along the 
six transect lines, as shown in Figure 2.3 below. The description of the six transect 
routes are shown below in Table 2.1.  
 
 
Figure 2.3 Aerial map of Wellington showing study area, landscape types, transect routes, 
and locations surveyed (numbered points) (Source: Vinton, 2008). Inset: Map of North 
Island, NZ, with Wellington identified (Source: Vinton, 2008) 
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Table 2.1 Description of the six transect routes (A to F), along which the survey 
locations were spaced out. Source: Vinton 2008. 
 
 
 
 
 
 
2.4 Survey Design 
Although low response rates and non-response bias are concerns in conducting mail 
surveys (Dillman, 2000), by employing certain measures some very high mail 
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questionnaire response rates have been achieved in other studies (Kanuk and Berenson, 
1975), and mail surveys can have a number of advantages (Bernard 2002). One 
advantage is that the cost in terms of time and money is much reduced compared with 
face-to-face interviews, allowing for a larger sample size. Having a larger sample size 
is important in this study as there are a large number of variables that I wish to 
examine. By utilising a self-administered mailbox questionnaire over 1000 households 
in the Wellington region received the questionnaire. Additionally, there is no concern 
about interviewer bias as all respondents receive the same questions (Bernard, 2002). I 
employed Dillman’s Total Design method (Dillman, 2000) to increase the response 
rate. The full self-administered questionnaire with the final formatting (i.e., in the form 
which the respondents received it in the mail) can be seen in Appendix 1. The steps in 
the Dillman Method that I employed are listed below: 
1. Formatting: The construction of the pages of the questionnaire accorded to 
standard conventions. Studies show that the general appearance, the number of 
pages, and type of introduction all affect the response rates (Bernard, 2002).    
2. Question order: The first question was directly related to the topic of my study, 
non-threatening, and easy to answer. Studies have shown that once someone 
starts a questionnaire they are more likely to finish it (Bernard, 2002). I placed 
the general socio-economic and demographic questions at the end of the 
questionnaire, because once respondents filled out the questionnaire up to that 
point they are more likely to complete it (Bernard, 2002).  
3. Length: I limited the questionnaire to eleven pages, as beyond that length 
response rates can drop (Dillman, 2000). I achieved this by using A4 size paper 
folded in half to create a booklet, using three sheets of paper. The booklet 
format made the questionnaire easy to distribute, user-friendly, in an easy-to-
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read format, with an easily followed non-ambiguous progression from question 
to question. 
4. Contact and follow-up reminder: Each household received a preliminary letter 
explaining the survey and informing the respondent that a self-administered 
questionnaire would be coming along soon. This introductory letter was sent out 
one week before the questionnaire. Additionally, one week after the 
questionnaire I sent a thank-you/reminder letter to all households, thanking the 
respondents if they had sent back the questionnaire and reminding them to 
return it if they had not. Examples of the preliminary and post letters are in 
Appendix 2. These two measures (pre and post letters) have both been shown to 
improve response rates significantly (Dillman, 2000). 
5. The cover letter: I enclosed a one page cover letter (Appendix 3) with the 
questionnaire, explaining how I selected the respondent, who should fill in the 
questionnaire, who was carrying out the research, and why it was important for 
the respondent to send back the questionnaire. I personally signed each cover 
letter. The cover letter makes the questionnaire seem more personal to the 
recipients, and helps increase the response rate (Dillman, 2000). 
6. Packaging: I packaged the questionnaire, cover letter, and pre-paid reply 
envelope in another envelope for mailing to the respondent. This envelope had 
the Victoria University of Wellington logo on the back. I personally signed each 
cover letter. The addition of the Victoria University logo was to help maximise 
the response rate, as people have been shown to be more receptive and likely to 
participate in the survey if it is conducted by an independent research facility, 
rather than by a commercial or marketing organisation (Dillman, 2000).  
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All of these measures have been shown to increase the response rates in self-
administered mail surveys (Dillman, 2000). The pre-letter, surveys, and thank 
you/reminder letters were hand delivered over a three week period in February 2008.   
 The questionnaire was pre-tested by approximately 30 people in early February 
2008 for independent feedback on the content, layout, and length of the questionnaire. 
A number of minor alterations and improvements were made following the feedback 
given, mostly concerning question clarity.  Based on the results from piloting the 
questionnaire, I estimated that the survey was estimated would take respondents an 
average of 10-15 minutes to complete. I hand-delivered the survey to each household 
and addressed each to the ‘Head of Household’, allowing the household to self-select 
the respondent. The potential for response bias must thus be acknowledged.  
 
2.5 Survey Questions 
  
The self-administered mailbox questionnaire consisted of 30 questions (see 
Appendix 1).  
 
2.5.1 The Model 
As reviewed in the introduction, the literature shows that the level of ecological 
knowledge can reflect certain characteristics of an individual. Respondents’ 
demographics, frequency of outdoor activities, and group membership all have been 
shown to be predictors of ecological knowledge levels. The amount of nature 
interaction has also been shown to be a predictor of knowledge, which I also test here 
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by examining the landscape type and amount of green space on the respondents’ 
property. A full review is covered in the introduction.  
I hypothesise that the level of ecological knowledge of an urban resident reflects 
characteristics of the respondents’ demographics (age of respondent, gender, level of 
formal education, income), outdoor activities (frequency of visitation to local parks, 
regional parks, accessibility of green spaces, frequency of participation in outdoor 
recreation activities), being an active member of a social group (sports club, community 
group, hobby group), and characteristics of the property and neighbourhood in which 
the household is located (landscape type at the location of the respondents’ household, 
level of green space on the respondents’ property), and bird abundance. I express the 
level of ecological knowledge, Y, of an urban resident as: 
Y= a +bX + cZ + dN +eV + U 
where, Y=the level of ecological knowledge of the respondent, a=intercept, X=vector 
of demographic characteristics of the respondent, Z=group membership, N=property 
and neighbourhood characteristics, V=bird abundance at the location of the 
respondents’ household, U=unexplained variance or random error. a, b, c, d, and e are 
the coefficients I estimate with the regression model . 
I use the same model to hypothesise that the level of bird-related behaviour (bird 
feeding, tree planting) reflects the same characteristics. So, in this case, Y=bird related 
activity, and a, b, c, d, and e are the coefficients I estimate with the regression model. 
Additionally, I also test the respondents’ ecological knowledge level as a predictor 
variable.    
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Because of concerns with survey length and corresponding response rates, I have 
limited the number of possible explanatory variables tested. I chose those variables that 
had the most promise in the literature and were also easy to measure in a written self-
administered questionnaire.  
 
2.5.2 Data on Ecological Knowledge (dependent variables) 
 Four questions measured levels of ecological knowledge, addressing Research 
Question 1.1. First, respondents were asked to produce a free list (Bernard, 2002) of all 
the bird species they could think of within five minutes (Question Two). This question 
was designed to establish which bird species were most salient to respondents, as well 
as a means of gathering a measure of ecological knowledge. The rest of the page was 
left blank to provide space to allow the respondents to list all the species they were 
able, so as to not limit or guide the number of species listed. Within the question I state 
that the respondents should not use any references or talk to others to help answer the 
question. Many of the bird names listed by the respondents did not coincide with 
species-level classifications. For example, “gull” was commonly noted, instead of 
specifying a particular gull species. However, I only analysed the number of bird names 
noted by the respondent. Therefore, if a respondent listed “gull”, I tallied this as one 
species, but if another respondent listed “black-backed gull, black-billed gull”, I tallied 
this as two species. This question also gathered information on knowledge about native 
and exotic bird species (Research Question Three), and the depth of the knowledge as 
measured by the recognisability of the species identified. Respondents were asked to 
put a tick beside those birds that are native to New Zealand. In ambiguous cases, such 
as if the respondent listed “pigeon”, which could be considered native or non-native, 
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these responses were left out of the native bird knowledge analysis. Ambiguous cases 
were rare however (10 cases).  
 
Secondly, following from the preceding question, I asked respondents to list the 
bird species they had commonly seen or heard in their local neighbourhood within the 
last year (Question Three). A blank space provided to list all the species they were able, 
so as to not limit or guide their number of species listed. In the resulting analysis, the 
total number of bird species named was used, as well as the percentage of native New 
Zealand birds correctly identified with a tick next to their name. 
The third question measuring levels of ecological knowledge asked respondents 
to identify bird species from photographs (Question 13). Eight black-and-white pictures 
of bird species were provided (through piloting of the questionnaire, I found that the 
colour of the photographs did not make a notable difference in the ability of 
respondents to answer these questions). The bird species shown were a mixture of 
native, exotic, common and rare species. All the species shown are found in the 
Wellington region. In the resulting analysis, the proportion of birds correctly identified 
was used.  
The species shown in the photographs were: tui (Prosthemadera 
novaeseelandiae), kereru (Hemiphaga novaeseelandia), silvereye (Zosterops lateralis), 
house sparrow (Passer domesticus), European starling (Sturmus vulgaris), fantail 
(Rhipidura fulginosa), red-billed gull (Larus novaehollandiae), and kaka (Nestor 
meridionalis). The acceptable, or correct, answers for each species were as follows: tui; 
kereru, wood pigeon; silvereye, wax-eye, white-eye, tauhou; house sparrow, sparrow; 
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European starling, starling; fantail, piwakawaka; red-billed gull, seagull, gull, 
tarapunga; and kaka.  
 
A fourth question asked respondents to self-rate their own knowledge of bird 
species in their neighbourhood (Question 1). The first question in a questionnaire is 
important, as research shows that once people start a questionnaire they are likely to 
finish it (Bernard, 2002), and so this question was designed to be directly related to the 
topic of my study, non-threatening, and easy to answer.    
 
2.5.3 Data on Ecological Behaviour (dependent variables) 
Four questions measured aspects of bird-related behaviour, addressing Research 
Question 2.1. First, I asked respondents whether they had planted any trees or plants on 
their current property to encourage bird-life (Question 18). The respondents could 
answer by ticking one of three boxes: No; No, but would do if they had the opportunity; 
and Yes. This allowed my analysis to account for the situation where respondents had a 
lack of garden space or planting opportunities. However, in the regression model, the 
answers were condensed into yes or no, with only those who had planted vegetation for 
the benefit of birds being classified as yes. This was because of uncertainties in the 
relationship between intention and actual behaviour. 
 The second behaviour question asked respondents whether they place food 
outside for birds on their property (Question 19). A follow-up question elicited more 
information regarding what food was given, how the food was delivered, and whether 
any particular bird species were targeted. I also asked whether there were any other 
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steps the respondent took to encourage bird activity (Question 21), including possible 
answers of: keeping pets indoors; placing a bell on cat; minimising pesticide/herbicide 
use; maintaining nest boxes; maintaining bird baths; and other. 
 
 
 
2.5.4 Data on socioeconomic variables (independent variables) 
I collected a series of socioeconomic variables, most of which have been shown 
by previous studies to influence ecological knowledge, or have been hypothesised to 
influence ecological knowledge (see introduction for details). The independent 
variables included in the analysis were age (Question 24), income level (Question 30), 
educational qualifications (Question 29), and participation in outdoor recreation 
activities (Questions 10, 11). I modelled the outdoor recreation options respondents 
chose from previous surveys (E.g. Maffi, 2001), as well as from the common ‘other’ 
responses in my initial pilot of the survey. The multi-choice options given in Questions 
25 and 30 for ethnicity and income were modelled on those in the New Zealand Census 
(2006), as well as the National Health and Wellbeing survey (Statistics NZ, 2008).  
Questions 24 and 29 on age and on the level of education obtained were also modelled 
from the latest New Zealand Census (2006). 
An individual’s local environmental knowledge can vary according to the 
degree of exposure to the natural world (Guest, 2002); and the degree of environmental 
exposure can be affected by a variety of variables. Maffi (2001) has shown that these 
variables can include the geographic location of the place of residence, as well as 
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economic pursuits, and recreational activities. To investigate other possible predictors 
of ecological knowledge and behaviour, questions were asked about the frequency of 
visits to local and regional parks (Questions 6 and 8), and ease of access to local green 
spaces (Question 5). Respondents were asked whether they belong to a sports club, 
hobby, or community group (Question 12). Questions regarding the description of the 
outside area and level of green space on the property were also included (Question 15, 
17), to investigate the potential for bird-related behaviour such as tree planting or bird-
feeding. Bird abundance was also included as an independent variable. This was to 
examine whether higher abundances of birdlife in the neighbourhood would correspond 
to differing levels of avian knowledge. If respondents were exposed to greater numbers 
of birdlife, it was hypothesised that respondents may have an increased knowledge 
about birds. The bird abundance information was measured using Vinton’s (2008) data 
collected on the actual bird abundances at each questionnaire location, using the 
average number of bird species identified at each location over a year long 
observational period.  
I characterised the geographic type of each survey location following Vinton’s 
(2008) characterisations. I split the survey locations (see Fig. 2.3) into five different 
geographic types: households adjoining green space, residential single-family detached, 
residential multi-family attached, commercial 1-3 story, and commercial multi-story 
(Table 2.2). The geographic types can be loosely characterised by a gradient from the 
outer suburbs to the central business district. The numbers of survey locations within 
each landscape type were: adjoining green (7 locations), residential single-family 
detached (17 locations), residential multi-family attached (9 locations), commercial 1-3 
story (5 locations), and commercial multi-story (3 locations). There was a lack of 
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households to survey at a number of the CBD bird-count locations, hence the bias with 
the higher numbers of locations outside the CBD.  
 
Table 2.2 Definitions of the landscape types used to describe the land cover surrounding 
each survey location. Landscapes were classified by the degree to which ground cover 
consisted of vegetation or human-made structures. Source: Vinton, 2008. 
Landscape Type Description of landscape 
1. Adjoining Green Adjoining un-built open reserve land 
comprised mainly of trees that were a mix of 
exotic and native species. 
2. Residential single-family detached Single or double storied individual dwellings 
with large plots and gardens  
3. Residential multi-family attached Multi-story (more than two) apartments with 
small or no gardens and few or no tree-lines 
streets. 
4. Commercial 1-3 story Predominantly commercial, and falls outside 
the central business district. 
5. Commercial multi-story Surroundings include buildings of more than 
three stories in the central business district. 
 
 
   
2.5.5 Analysis 
I ran linear multiple regressions to test for the effects of the explanatory 
socioeconomic variables described above on the dependant variables for ecological 
knowledge. Binary logistic regressions were run for the dependant variables for bird-
related behaviour, due to the categorical yes/no options for bird feeding and tree 
planting. The analyses were undertaken independently for each measure of ecological 
knowledge and each measure of bird-related behaviour. Because the dependant 
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variables for ecological knowledge were not distributed normally, natural log 
transformations were used to correct both the freelisting measure of knowledge and the 
number of birds seen / heard in the neighbourhood. The number of birds seen or heard 
in the neighbourhood was also weighted against the actual species richness at each 
location. This was achieved by dividing the number of species seen or heard by the 
species richness indicator for that location (gathered from Vinton, 2008). For the photo-
identification measure of knowledge, I calculated the proportion of bird species 
correctly identified from the photos (i.e. the ratio correctly identified was either 1/8, 
2/8, 3/8, 4/8, 5/8, 6/8, 7/8, 8/8), and computed the arcsine of the proportion of birds 
correctly identified. This was used in the binary logistic regression model. Before I ran 
all regressions, I tested for multi-collinearity between the explanatory variables. All 
independent variables were left in the regression as multi-collinearity was found to be 
non-significant, with no adjustments needed in the analysis. A backward stepwise 
selection process was used to determine which explanatory variables were employed in 
each regression. A backward stepwise method is preferable to the forward method, 
because of suppressor effects (Field, 2005). 
For the analysis of native versus non-native bird knowledge, I compared the 
mean number of native birds free listed against the mean number of exotic birds free 
listed. The Wilcoxon test was used to compare significance between the means as the 
data were discrete, non-banded, and not adequately normally distributed. The Wilcoxon 
test was also used to compare significance between the number of native and exotic 
birds seen / heard in the neighbourhood. 
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3. Results and Analysis 
 
3.1 Urban Wildlife and Ecological Knowledge Survey – Response Rates 
 I sent questionnaires to 1052 Wellington households. The final response rate 
was 43% (453 returned). The response rate was higher than expected for a mail survey 
of this type, with mail survey’s typically having a low response rate (Dillman, 2000). 
The responses covered a wide range of socio-economic and geographical areas 
throughout Wellington City.  The response rates varied across the different locations I 
surveyed (see Table 3.1). The highest response rate from a single location was 68 
percent returned, the lowest 20 percent returned. The highest response rates came from 
the regions furthest from the Central Business District, and the least from the people 
living in residential multi-family attached residences (Table 3.1).   
 
Table 3.1 Geographic variation of the response rates 
 
Household 
Adjoining Green 
Space 
Residential 
single-family 
detached 
Residential 
multi-
family 
attached 
Commercial 
1-3 story 
Commercial 
multi-story 
Questionnaires 
sent / 
Questionnaires 
returned 
121 / 214 193 / 443 81 / 260 37 / 105 21 / 57 
Percentage 
returned 57 44 31 35 37 
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3.2 Ecological knowledge 
 
When asked to self-rate their own bird knowledge (Fig 3.1), respondents 
generally saw themselves as possessing low levels of ecological knowledge, with the 
majority (63 percent) rating their knowledge as either poor or fair. Less than two 
percent categorised themselves as having an excellent knowledge base, and 22 percent 
noted a good level of knowledge.   
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Figure 3.1 The self-rated level of ecological knowledge of the respondents 
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The respondents’ self-rating of bird knowledge provided an accurate measure of 
their actual knowledge (Fig 3.2 and 3.3). For example, respondents’ that rated their 
knowledge as good or excellent could name significantly more birds than those who 
rated their knowledge as poor (F(ANOVA)=8.18, p<0.005), and this trend was 
consistent across all ratings. Similarly, the higher that respondents rated their 
knowledge, the higher the number of birds they named as being commonly seen or 
heard in their neighbourhood (F(Welsh)=49.338, p<0.005). 
 
 
 
Figure 3.2 Comparison between the respondents’ self-rated level of ecological 
knowledge and their actual knowledge, measured by the number of birds free 
listed. 
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Figure 3.3 The number of birds respondents had seen or heard in the 
neighbourhood measured against their perceived level of knowledge 
 
 
Ecological knowledge about birds was gathered using three different questions: 
number of bird species respondents could name, number of bird species commonly seen 
/ heard in the neighbourhood, and identifying bird species from photographs. The 
number of bird species respondents could name in five minutes ranged from 0 to 109 
species (median = 23 species, mode = 16, Fig. 3.4). A value of zero (no answer 
provided) may indicate either a lack of knowledge about birds or that the respondent 
simply skipped the question. 
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Figure 3.4 Number of bird species freelisted in five minutes 
 
Respondents saw or heard between 0 (no answer) and 24 birds in their 
neighbourhoods over the last year (median = 5, mode = 3, Fig. 3.5) Again the 
distribution shows a tail at the higher end, with only a few people noting many birds 
that were commonly seen or heard in the neighbourhood. 
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Figure 3.5 Number of bird species respondents had seen or heard in their 
neighbourhood within the past year 
 
Answers to the bird identification questions ranged from no correct answers 
(which includes those who chose not to respond) to all eight birds correctly identified 
(median = 6 correct answers, Fig. 3.6)  Over half the respondents (50.3%) answered at 
least six of the eight questions correctly, while 30.2 percent of respondents could only 
name four or fewer of the questions correctly. Only 8.6 percent of respondents could 
answer all eight questions correctly.  
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Figure 3.6 Number of birds the respondents correctly identified from photographs 
 
  
The patterns in which questions were answered incorrectly are shown in Fig 3.7 
below. Kaka identification had the highest percentage of respondents answering 
incorrectly (76.4 percent unable to identify correctly), whilst 96.9 percent of 
respondents could identify the fantail correctly. The Kaka was frequently mistaken for a 
Kea, a closely related species, and it might have been the case that a higher definition 
picture may have reduced the error rate. After the kaka, the hardest to identify were the 
starling (37.1 percent identified correctly), and kereru (49.9 percent identified 
correctly).  
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Figure 3.7 How the respondents answered questions concerning bird identification 
from photographs 
 
Respondents’ levels of ecological knowledge were consistent across all three 
measures (Table 3.2). If a respondent performed well in one measure they were likely 
to perform well in the others, although the relationship was not particularly strong 
(R²<0.5). The number of bird species freelisted was significantly correlated with the 
knowledge of neighbourhood birds, r=.44, as well as with the proportion of birds 
correctly identified from photographs, r=.50; the knowledge of neighbourhood birds 
was also significantly correlated with the proportion of birds correctly identified from 
photographs, r=.46 (all ps<0.005). 
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Table 3.2 Comparison of respondents’ knowledge level between different 
measures of ecological knowledge 
 Spearman’s 
Coefficient 
R² Significance N. 
Species freelisted vs 
Neighbourhood species knowledge 
.440 .19 .000 429 
Species freelisted vs Photo 
identification 
.495 .25 .000 442 
Neighbourhood species vs Photo 
identification 
.455 .21 .000 434 
Note: All comparisons analysed using Spearman’s correlations. Data normalised 
by: The species freelisted and neighbourhood species were transformed using 
natural logarithms. The proportion of correct birds identified from photographs 
transformed using arcsine values. 
 
 
3.3. Respondent Socio-Demographics 
 
 The survey included socio-demographic questions to address Research Question 
1.2 (Investigating possible predictors of ecological knowledge) and Research Question 
2.2 (Investigating possible predictors of ecological behaviour). The socio-demographic 
variables also gave an insight into the characteristics of the survey respondents, and 
how the respondents compared with the population of Wellington City. 
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Table 3.3 Comparison table of the composition of survey residents with the 
averages for Wellington City population 
  Wellington 
residents 
Survey 
respondents 
Age 15-25 
26-35 
36-50 
51-70 
70 + 
Mean 
17.7 
18.1 
23.8 
16.9 
5.8 
10.7 
20.7 
31.4 
30.7 
6.5 
Gender Male 
Female 
48.4 
51.6 
40.3 
59.7 
Ethnicity NZ European 
Maori 
Other 
70.1 
7.7 
22.2 
84.5 
3.8 
11.7 
Educational 
Qualifications 
No formal 
School Qual. 
Post-school Qual. 
11.2 
33.3 
55.5 
2.9 
17.3 
79.8 
 
Note: The statistics regarding the characteristics of Wellington residents sourced 
from the New Zealand Census 2006, from Statistics New Zealand 
  
 The survey respondents were self-selected, and the greater response rate from 
females is mirrored by the general Wellington population trends. The proportion of 
female respondents is greater in this survey however (Table 3.10). There was an age 
bias in the respondents, with fewer respondents from the lowest age bracket, 15-25 
(17.7 percent for Wellington, 10.7 percent for survey respondents), and a higher 
proportion of older residents aged over 50 years old (22.7 percent for Wellington, 37.2 
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percent for the survey respondents). The appeal to the ‘Head of Household’ to complete 
the questionnaire may have provided an age bias to the results.  
An overwhelming majority of the respondents were New Zealand European 
(85%), and only 3.8 percent self-identified as Maori. Because of the low sampling of 
other ethnicities, ethnicity was excluded from further analyses. In the Wellington 
region, 70.1 percent of people belong to the European ethnic group (67.6 percent for the 
whole country), and 7.7 percent of people belong to the Maori ethnic group (14.6 
percent for all of New Zealand). The high response rates from New Zealand Europeans 
in my survey may represent a bias in the results. With the questionnaire being 
exclusively in English, there may also have been a language barrier restricting some 
respondents.  
 In order to investigate possible predictors of ecological knowledge (Research 
Question 1), the patterns and predictors of ecological behaviour (Research Question 2),  
and to determine whether ecological knowledge and behaviour can be correlated with 
certain demographic attributes, I included questions regarding the length of time lived 
in New Zealand, highest educational qualification, and the personal income of the 
respondents.  
The survey respondents were highly educated, with nearly 80 percent having a 
post-school qualification, compared with 56 percent for Wellington residents. Only 2.9 
percent of respondents had no formal qualifications, compared with 11.2 percent for the 
population of Wellington City (Statistics New Zealand, 2006).  
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Participants were also asked about their level of participation in outdoor 
recreational activities (Fig 3.8 below), and whether they belonged to a sport, hobby, or 
community group. For each category, the percentage of respondents belonging to each 
group is very similar, with roughly two-thirds of respondents belonging to sports (64.7 
percent), hobby (68.4 percent), and community groups (66.7 percent). Arts groups were 
the most numerous (25 percent). A sizable percentage of the respondents (11 percent) 
belonged to the Karori Wildlife Sanctuary, and a further 13 percent belonged to other 
environmental groups.  
  
The vast majority of respondents visit a local park or reserve each year (93 
percent) and over one-third visit a local park or reserve once a week or more (35 
percent, see Fig. 3.8). However, respondents visited parks or reserves outside 
Wellington less frequently: 22 percent never do so, and just over five percent do so 
more than once a month, compared with over 50 percent who visit local parks or 
reserves on a monthly basis. Nearly half of respondents (42 percent) participate in some 
form of outdoor recreation activity once a week or more, and only 11 percent never 
participate (Fig 3.8). 
 Respondents were also asked about the ease or difficulty they perceived in 
accessing local green spaces in their neighbourhood, and almost all respondents (95.3 
percent) perceived local green spaces to be easy or very easy to access (Fig. 3.9).  
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Figure 3.8 Frequency of visits to parks and participation in outdoor recreation 
activities 
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Figure 3.9 The accessibility of local green spaces, as perceived by the respondents 
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3.4 Ecological Knowledge Analysis 
 
I ran a bivariate correlation analysis of all the dependent and independent 
variables to establish any general trends (Appendix 1). Across all three measures of 
knowledge, the level of green space on the property (r=.211, .108, .126), frequency of 
visits to regional parks (r=.110, .214, .187), and membership in a community group 
(r=.114, .137, .127) were all positively correlated with increased knowledge. 
Additionally, level of education (r=.180, .122), frequency of visit to local parks (r=.125, 
.151), and living in a less urbanised location (r=-.111, -.112), were all positively 
correlated with increased knowledge in the photo identification and general freelisting 
knowledge measures. Age was positively correlated (r=.346) with neighbourhood bird 
knowledge. 
 
To establish whether there were any confounding variables, I ran partial 
correlations of all the variables significantly correlated with knowledge, whilst 
controlling for other independent variables. The correlations that changed after 
controlling for other variables are shown below in Table 3.4. Geographic location was 
not significantly correlated with knowledge after controlling for green space. Regional 
and local park visits were still correlated with knowledge after controlling for income 
and education levels. For two of the measures of knowledge, education was still 
positively correlated after controlling for local and regional park visits, and income. 
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Table 3.4 Partial correlations of the variables correlated with knowledge, 
controlling for other correlated independent variables 
Knowledge variable Independent 
variable 
Correlation 
coefficient 
Significant? Controlling 
for: 
• Freelisting 
• Neighbourhood 
• Photo ID 
Geographic 
location 
-.037 
.029 
-.075 
• No 
• No 
• No 
Green space 
• Freelisting 
• Neighbourhood 
• Photo ID 
Geographic 
location 
-.081 
-.061 
-.112 
• No 
• Yes 
• No 
Income, 
education 
• Freelisting 
• Neighbourhood 
• Photo ID 
Regional park 
visits 
.172 
.107 
.155 
• Yes 
• Yes 
• Yes 
Income, 
education 
• Freelisting 
• Neighbourhood 
• Photo ID 
Local park 
visits 
.101 
.109 
.129 
• Yes 
• Yes 
• Yes 
Income, 
education 
• Freelisting 
• Neighbourhood 
• Photo ID 
Education .160 
-.031 
.138 
• Yes 
• Yes 
• No 
Local park, 
regional park 
visits, 
Income 
• Freelisting 
• Neighbourhood 
• Photo ID 
Community 
Group 
.075 
.102 
.118 
• No 
• Yes 
• Yes 
Green space 
 
 
I then examined possible predictors of ecological knowledge by running a linear 
multiple regression model for each of the dependent variables (number of birds free 
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listed, knowledge of neighbourhood birds, and bird identification from photographs). 
The independent variables included in each model were chosen by a backwards 
stepwise method. I weighted the neighbourhood bird knowledge variable to account for 
the difference in bird diversity at each location. The weighting was done by dividing 
the number of birds the respondent identified by the bird diversity score for the 
residents’ location, using the bird diversity data (Vinton, 2008). To deal with issues of 
normality, the natural log was taken of the general and neighbourhood species 
knowledge scores, and the arcsine of the proportion of correctly identified birds from 
photographs was used. This normalised the dependant variables. Multi-colinearity was 
tested for but no alterations needed to be made.   
 
In general, respondents with higher levels of education, who frequented local 
parks and regional parks, and who lived further from the central business district in 
less-urbanised locations, had higher levels of ecological knowledge (Table 3.5). A 
lower score for the geographic location represents a less urbanised landscape type, and 
generally a location further from the Central Business District. Other variables were 
significant predictors of individual models. Respondents having a higher level of green 
space on the property freelisted significantly more bird species. Members of a 
community group and older respondents had a higher level of knowledge about 
neighbourhood bird species. Community group members also had a higher level of 
knowledge concerning bird identification from photographs.  
The model predicts that an increase of one category of educational 
qualifications will correspond with a 0.14 increase in ecological knowledge about birds 
freelisted, and a 0.13 increase in bird identification. An increase of one category of 
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geographic area will correspond to a 0.27 increase in ecological knowledge about 
neighbourhood bird species, and a 0.12 increase in bird identification. The model also 
predicts that an increase of one level of regional park visits will correspond with a 0.13 
increase in both knowledge about neighbourhood birds and birds freelisted. An increase 
in frequency of one category of local park visits will correspond with a 0.11 increase in 
knowledge concerning freelisted birds, a 0.14 increase in neighbourhood bird 
knowledge, and a 0.08 increase in bird identification.       
 
Although the models were significant (Table 3.6), they only explained a 
relatively small amount of the variance in two of the measures of ecological knowledge 
(8.7 percent of the variance in the number of bird species freelisted, and 7.4 percent of 
the variance in bird identification from photographs, and 16.5 percent on the variance in 
the neighbourhood bird knowledge; Table 3.5). This suggests that other factors not 
included in the model are determining most of the variance in the level of ecological 
knowledge amongst residents. 
 
Table 3.5 Socio-economic and other predictors of ecological knowledge: results 
from stepwise linear regression 
 
Dependent 
variable 
R² 
Adjuste
d 
Independent 
variables 
Coefficien
t 
Standar
d Error 
Standardis
ed 
Coefficient 
Significanc
e 
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Ecological 
knowledge 
– general 
 
 
 
 
 
 
Ecological 
knowledge 
– local 
birds 
 
 
 
 
 
 
Ecological 
knowledge 
– birds 
identified 
from photo 
 
 
 
0.087 
 
 
 
 
 
 
 
 
0.165 
 
 
 
 
 
 
 
 
0.074 
 
 
 
 
 
 
 
Gender 
Education 
Green space 
Local park visits 
Regional Park visits 
Community group 
(Constant) 
 
Age 
Green space 
Local park visits 
Regional Park visits 
Green space access 
Hobby Group 
Community group 
(Constant) 
 
Education 
Local park visits 
Regional park visits 
Geographic area 
Hobby group 
Community group 
(Constant) 
 
-0.091 
0.093 
0.097 
0.058 
0.105 
0.109 
2.112 
 
0.248 
0.094 
0.076 
0.084 
-0.128 
-0.147 
0.131 
-0.679 
 
0.046 
0.023 
0.044 
-0.037 
0.069 
0.077 
0.395 
 
0.068 
0.035 
0.039 
0.028 
0.044 
0.078 
0.219 
 
0.035 
0.044 
0.032 
0.049 
0.071 
0.091 
0.085 
0.360 
 
0.019 
0.016 
0.025 
0.017 
0.045 
0.043 
0.113 
 
-0.072 
0.143 
0.132 
0.114 
0.132 
0.076 
 
 
0.376 
0.110 
0.133 
0.091 
-0.096 
-0.086 
0.080 
 
 
0.129 
0.083 
0.099 
-0.119 
0.083 
0.097 
 
 
0.179 
0.008 
0.014 
0.040 
0.019 
0.159 
0.000 
 
0.000 
0.033 
0.016 
0.088 
0.075 
0.107 
0.123 
0.060 
 
0.018 
0.135 
0.076 
0.026 
0.123 
0.072 
0.001 
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Note:  
a) For the first two models of ecological knowledge, the dependent variables 
were transformed using natural logs. The knowledge about neighbourhood 
birds variable was weighted based on the diversity of birds at the location, 
by dividing the number of species noted by the number of species present, 
before taking the natural log. This made these variables fit a normal 
distribution. For the birds identified from photographs, this dependent 
variable was transformed by taking the arcsine of the proportion of birds 
correctly identified, making this categorical variable fit a normal 
distribution. 
b) The variables to be included in the regression model were established by 
using a backward regression model. 
 
 
 
Table 3.6 Significance of the regression model, ANOVA summary 
Dependent 
variable 
Sum of 
Squares 
Df Mean 
Square 
F Significance 
 
General bird 
knowledge 
 
Neighbourhood 
bird knowledge 
 
Birds correctly 
identified 
 
12.888 
 
 
29.251 
 
 
3.523 
 
6 
 
 
6 
 
 
6 
 
2.148 
 
 
4.217 
 
 
0.587 
 
6.192 
 
 
10.222 
 
 
5.426 
 
0.000 
 
 
0.000 
 
 
0.000 
 
 
As a comparison between the level of ecological knowledge concerning native 
birds and knowledge concerning exotic birds amongst the respondents, I ran the 
multiple regression models again, but for knowledge of exclusively native and then 
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exotic birds in turn (Table 3.7). The photo identification measure was not analysed for 
native and exotic differences because of the low number of exotic birds examined 
(two). 
 
Table 3.7 Socioeconomic and other predictors of ecological knowledge: results 
from linear regression of native and exotic bird knowledge 
Dependent 
variable 
R² 
Adjuste
d 
Independent 
variables 
Coefficien
t 
Standar
d Error 
Standardis
ed 
Coefficient 
 
Significanc
e 
 
Ecological 
knowledge 
– native 
birds 
freelisted 
 
 
 
 
 
 
Ecological 
knowledge 
– exotic 
birds 
freelisted 
 
 
 
 
0.089 
 
 
 
 
 
 
 
 
 
0.039 
 
 
 
 
 
 
Age 
Education 
Outdoor Rec 
Local park visits 
Regional Park 
visits 
Geographic area 
Community Gp 
 (Constant) 
 
Education 
Outdoor Rec 
Greenspace 
Constant 
 
 
 
-0.085 
0.161 
-0.092 
0.148 
0.180 
-0.088 
0.140 
1.107 
 
 
0.087 
0.080 
0.087 
1.699 
 
 
 
0.052 
0.060 
0.043 
0.050 
0.077 
0.050 
0.130 
0.377 
 
 
0.039 
0.026 
0.044 
0.211 
 
 
 
-0.088 
0.146 
-0.125 
0.171 
0.134 
-0.093 
0.058 
 
 
 
0.121 
0.167 
0.105 
 
 
 
 
0.102 
0.008 
0.032 
0.003 
0.020 
0.082 
0.279 
0.004 
 
 
0.026 
0.002 
0.052 
0.000 
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Ecological 
knowledge 
– native 
birds seen 
/ heard 
 
 
 
 
 
 
 
Ecological 
knowledge 
– exotic 
birds seen 
/ heard 
 
 
 
0.141 
 
 
 
 
 
 
 
 
 
0.136 
 
 
Gender 
Education 
Outdoor Rec 
Local park visits 
Regional park  
Green access 
Geographic area 
Hobby group 
Community group 
(Constant) 
 
Age 
Income 
Geographic area 
Regional park  
Hobby group 
Constant 
-0.100 
0.141 
-0.052 
0.102 
0.156 
-0.214 
-0.121 
0.210 
0.103 
2.347 
 
1.050 
-0.031 
-0.081 
0.099 
-0.136 
1.048 
0.084 
0.045 
0.032 
0.038 
0.057 
0.083 
0.037 
0.105 
0.098 
0.479 
 
0.17 
0.012 
0.028 
0.042 
0.079 
0.168 
-0.067 
0.178 
-0.103 
0.171 
0.168 
-0.156 
-0.186 
0.114 
0.061 
 
 
0.347 
-0.137 
-0.154 
0.128 
-0.096 
 
0.238 
0.002 
0.099 
0.007 
0.006 
0.011 
0.001 
0.047 
0.293 
0.000 
 
0.000 
0.017 
0.004 
0.018 
0.088 
0.000 
Note: 
a) A backward stepwise method was used to select the variables to be 
included in the regression model. 
b) The geographic area represents the landscape type at the survey 
location. An increase in number of the geographic type reflects an 
increasingly urbanised landscape. 
c) For both models, the dependent variables were transformed using 
natural logs. 
 
 
 
 
71 
 
Table 3.8 Significance of the regression model, ANOVA summary 
Dependent 
variable 
Sum of 
Squares 
Df Mean 
Square 
F Significance 
 
Native birds 
freelisted 
 
Exotic birds 
freelisted 
 
Native birds 
seen or heard  
 
Exotic birds 
seen or heard  
 
 
 
38.218 
 
 
7.129 
 
 
24.278 
 
 
15.698 
 
7 
 
 
3 
 
 
9 
 
 
5 
 
5.460 
 
 
2.376 
 
 
2.698 
 
 
3.140 
 
5.546 
 
 
5.467 
 
 
5.979 
 
 
10.664 
 
0.000 
 
 
0.001 
 
 
0.000 
 
 
0.000 
 
In general, the results remain the same, for both native and exotic species 
knowledge models. Respondents with higher levels of education, who more frequently 
visited local parks and regional parks, and who lived in a less urbanised location, had 
higher levels of ecological knowledge (Table 3.7). Other variables were significant 
predictors of individual models. Participation in outdoor recreation activities and 
property greenspace levels were predictors for higher levels of exotic species 
knowledge in the bird freelisting model, while being a member of a hobby group and 
having a reduced access to greenspace correlated with a higher level of neighbourhood 
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native bird knowledge. Age was a positive predictor for exotic neighbourhood bird 
knowledge, but not for native species knowledge. 
 
The model predicts that an increase of one category of educational 
qualifications will correspond with a 0.15 increase in ecological knowledge about 
native birds freelisted, and a 0.18 increase in native neighbourhood bird knowledge. An 
increase in frequency of one category of local park visits will correspond with a 0.17 
increase in both knowledge concerning freelisted native birds and native 
neighbourhood birds. Although the models were significant (Table 3.8), they again only 
explained a relatively small amount of the variance in ecological knowledge (between 
3.9 and 14.1 percent of the variance in the models; Table 3.7).  
 
 
3.5. Bird Feeding and Tree Planting 
 
To examine the patterns of behaviour related to encouraging birdlife on the 
property, I asked respondents about feeding birds on their property, and whether they 
had planted trees to encourage bird life. Forty-two percent of respondents put food out 
for birds (Fig 3.10) and 37% had planted trees on their property to encourage birdlife 
(Figure 3.11). Only one-third of respondents had not planted trees for this purpose and 
stated they wouldn’t even if there was the space and opportunity to do so. Twenty-two 
percent of people said they would have planted trees if they were given the opportunity 
to do so.  
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42%
57%
1%
Respondents who feed 
birds
Do not feed birds
No response
 
Figure 3.10 Percentage of respondents feeding birds on their property 
 
35%
22%
36%
7%
Have not planted 
vegetation to attract 
birds
Would do so if given the 
opportunity (e.g. Space)
Have planted vegetation 
to attract birds
No response
 
Figure 3.11 Percentage of respondents planting trees on their property 
 
Amongst those who fed birds, only 10% were specifically targeting native bird species. 
In addition, less than one-third of respondents (31.2%) fed birds from a feeding 
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structure on their property. The structures used included feeders hanging in a tree, with 
the next favoured method a raised platform on the lawn. Comparing respondents who 
participated in bird feeding and tree planting against those who did not, I found 
differences in the socio-demographic factors of the respondents involved in each 
activity. Specifically, the respondents who fed birds were older and had lived for a 
longer length of time at their present address than those who did not feed birds (Table 
3.9). Respondents who had planted trees for the benefit of birdlife were older, more 
likely to be female, and had lived on the property for a longer length of time than those 
who did not plant trees (Table 3.9). There were no significant education and income 
differences between those who participated in the activities and those who did not. 
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Table 3.9 Comparison of respondents participating in bird feeding and tree 
planting versus nonparticipants based on sociodemographic factors. 
Activity Factor Participant Nonparticipant Statistic  
- see note  
p-value 
Bird 
Feeding 
Age 
Gender 
Education 
Income 
Length at 
address 
3.24  
62.4 
3.91  
7.67  
12.19  
2.86  
57.8 
4.04  
7.75  
7.884  
-3.466 
0.946 
-1.645 
-0.229 
-5.109 
0.001 
0.331 
0.100 
0.819 
0.000 
Tree 
Planting 
Age 
Gender 
Education 
Income 
Length at 
address 
3.43  
65.8 
4.08  
7.94  
14.56  
2.76  
57.3 
3.96  
7.58  
6.65  
-6.291 
2.808 
-1.022 
-1.330 
-8.025 
0.000 
0.094 
0.307 
0.183 
0.000 
Note: For Age, Education, Income, and Length of time at address, values are 
means and presented with a t-value for the statistic. For Gender, values represent 
the percentage female, and presented with a χ² value for the statistic.   
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3.6. Bird-Related Behaviour Analysis 
 
I ran a bivariate correlation analysis of the dependent and independent variables 
to establish any general trends (Appendix 1). Increased bird knowledge, age, level of 
green space on the property, and geographic location were all positively correlated with 
tree planting and bird feeding. Being a member of a sports club, community group, and 
frequency of visits to local green spaces were all positively correlated with tree 
planting. Access to green spaces and the level of green space on the property were also 
positively correlated with bird feeding. Neighbourhood bird species richness and 
increasing urbanisation was negatively correlated with bird feeding. 
 
To establish whether there were any confounding variables, I ran partial 
correlations of the variables significantly correlated with tree planting and bird feeding, 
whilst controlling for other independent variables (Table 3.10). Age was still 
significantly positively correlated with tree planting and bird feeding after controlling 
for income and hobby group membership. Green space on the property was still 
positively correlated with tree planting and bird feeding after controlling for geographic 
location and public green space access. Controlling for green space, public green space 
access, and bird diversity, the geographic location was still significantly correlated with 
bird feeding and tree planting. 
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Table 3.10 Partial correlations of the variables correlated with knowledge, 
controlling for other correlated independent variables 
Behaviour 
variable 
Independent 
variable 
Correlation 
coefficient 
Significant? Controlling for: 
• Bird 
feeding 
• Tree 
planting 
Age .180 
-.057 
• Yes 
• No 
Income, hobby 
group 
• Bird 
feeding 
• Tree 
planting 
Green space 
on property 
.141 
.104 
• Yes 
• Yes 
Geographic 
location, green 
space access 
• Bird 
feeding 
• Tree 
planting 
Geographic 
location 
-.114 
-.098 
• Yes 
• Yes 
Green space, 
access to green 
space, Bird 
Diversity 
 
 
I also ran a stepwise logistic regression analysis to identify the significant 
predictors of tree planting and bird feeding. There were no issues with multi-
colinearity, with the relationships between knowledge and the independent variables 
being relatively weak. For bird feeding, the strongest predictors were a higher 
knowledge of neighbourhood birds, having a higher level of green space on the 
property, and a greater accessibility to green spaces (Table 3.11). Other significant 
predictors of bird feeding were an increase in age and a reduced level of education. The 
strongest predictor of tree planting was knowledge of neighbourhood birds, followed by 
age, the level of bird diversity in the neighbourhood, the amount of green space on the 
property, and education levels, all having a positive relationship. Other predictors of 
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planting trees for the purpose of encouraging birdlife were being male and not being a 
member of a sports group.  
The model predicts that as the level of knowledge about neighbourhood birds 
increases by one standard deviation, the level of bird feeding increases by 1.603 
standard deviations, and the level of tree planting increases by 3.161 standard 
deviations. An increase in age by one standard deviation relates to an increase in tree 
planting of 1.957 standard deviations. 
 
Similar to the ecological knowledge results, the models were significant (Table 
3.12), but only explained a small amount of the variance in the respondents feeding 
birds or tree planting (10 percent of the variance for bird feeding, and 24 percent of the 
variance in tree planting; Table 3.12).  
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Table 3.11 Socioeconomic and other predictors of ecological behaviour: results 
from stepwise logistic regression 
 
Dependen
t variable 
 
Independent 
variables 
 
B (SE) 
 
Sig.  
 
Exp 
(B) 
95% CI 
for Exp 
(B) 
Lower 
 
95% CI 
for Exp 
(B) 
Upper 
 
Ecologica
l 
behaviour 
– Bird 
feeding 
 
 
 
 
Ecologica
l 
behaviour 
– Tree 
planting 
 
 
 
Age 
Education 
Green space 
Green space access 
Species seen / 
heard 
 (Constant) 
 
 
Age 
Gender 
Education 
Green space 
Sports club 
Species seen / 
heard 
Bird Diversity 
 (Constant) 
 
 
 
0.20 (0.12) 
-0.23 
(0.12) 
0.43 (0.15) 
0.45 (0.24) 
0.47 (0.18) 
-3.38 
(1.34) 
 
 
0.67 (0.15) 
-0.67 
(0.29) 
0.27 (0.15) 
0.42 (0.22) 
-0.62 
(0.32) 
1.15 (0.26) 
0.43 (0.12) 
-6.36 
(1.21) 
 
0.096 
0.061 
0.005 
0.056 
0.010 
0.012 
 
 
0.000 
0.020 
0.063 
0.053 
0.000 
0.000 
0.000 
0.000 
 
 
1.216 
0.794 
1.529 
1.570 
1.603 
0.034 
 
 
1.957 
0.510 
1.309 
1.520 
0.538 
3.161 
1.538 
0.002 
 
0.966 
0.624 
1.134 
0.989 
1.117 
 
 
 
1.460 
0.289 
0.985 
0.995 
0.288 
1.890 
1.217 
 
1.532 
1.010 
2.061 
2.492 
2.301 
 
 
 
2.621 
0.900 
1.740 
2.324 
1.007 
5.287 
1.942 
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Note: 
a) A backward stepwise method was used to select the variables to be 
included in the regression model. 
b) The geographic area represents the landscape type at the survey 
location. An increase in number of the geographic type reflects an 
increasingly urbanised landscape. 
c) A positive correlation for gender signifies a positive relationship with 
female respondents.  
 
 
Table 3.12 Significance of the ecological behaviour regression models 
Dependent 
Variable 
Chi-square Significance Cox and 
Snell R² 
Nagelkerke 
R² 
     
Bird 
Feeding 
 
Tree 
Planting 
34.460 
 
85.835 
0.000 
 
0.000 
0.097 
 
0.240 
0.130 
 
0.325 
     
 
 
 
 
3.7. Exotic and Native species 
 
The survey asked the respondents to name all the bird species they could within 
five minutes, and to mark the species they recognised as native to New Zealand. The 
distribution of the number of species named was not normally distributed, so I have 
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used median values and non-parametric statistics for comparisons. To establish whether 
there was a significant difference between the number of native and exotic species 
named, I used the Wilcoxon test as the data were discrete, non-banded, and not 
normally distributed. The respondents named significantly more exotic species 
(median=13) than native species (median=8; Wilcoxon test, z=9.3, p<0.001). There was 
a larger range of exotic species listed (range=0 to 62), than native species (range=0 to 
47). The percentage of native birds listed by the respondents was 37%, compared to 
45% of exotic species listed (8% of species named remained unlabeled as exotic or 
native). The median number of total species named was 23, with a range from 0 to 109.  
 
The participants were then asked about the birds they saw and/or heard in their 
neighbourhood. Respondents noted that they saw and/or heard more exotic species 
(median=3) than native (median=1; Wilcoxon test, z=11.3, p<0.001) species in their 
neighbourhoods. Overall, the median number of species seen and/or heard in the 
neighbourhood was five, (range=0 to 24). There was also a larger range of native 
species given (0 to 15), than exotic species (range=0 to 13). Therefore, as with the 
freelisting of all the birds, the birds that respondents noted they saw and/or heard in 
their neighbourhood were more commonly exotic than native. The percentage of birds 
seen or heard in the neighbourhood that were identified as native was 32 percent, with 
37 percent of the birds seen or heard in the neighbourhood being identified as exotic.  
 
There was no significant difference between the percentage of native species 
correctly identified and the percentage of native and exotic species combined that 
respondents could identify. In the identification of bird species from photographs, 
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respondents were able to correctly identify on average 68.6 percent (Std Dev=22.06) of 
native species, compared with a 66.06 percent (Std Dev=21.86) of native and exotic 
species correctly identified. 
 
 The bivariate correlation analysis showed native neighbourhood bird knowledge 
was positively correlated with the amount of green space on the property, and being a 
member of a community group (Appendix 1). Native neighbourhood bird knowledge 
was negatively correlated with geographic location (also see Table 3.7). The geographic 
location was ranked on an increasingly urbanised scale, so respondents living in less 
urbanised locations had higher native species knowledge. Native species richness over 
the survey locations also decreases with increasing urbanisation (Vinton, 2008). 
Respondents name more native species in neighbourhoods with more native bird 
species present. However, whilst overall species diversity showed a negative 
correlation with geographic location, this was not a significant predictor of 
neighbourhood species knowledge.  
 
 
 
 
 
 
 
83 
 
4. Discussions and Conclusions 
  
    4.1 Ecological knowledge            
Although many studies have looked at traditional ecological knowledge, few explicitly 
examined ecological knowledge of urban residents. With the world’s population becoming 
more and more urbanized, the study of urban residents is an important one. An individuals’ 
level of ecological knowledge, as well as an interest and affinity for nature, can be a powerful 
predictor in pro-environmental behaviour (Kals et al., 1999), so it is important to know what 
factors might influence, or be predictors of, of ecological knowledge.  
 This study examined the levels of bird knowledge of Wellington residents. With few 
urban ecological studies in the literature, it is difficult to compare the depth of residents’ bird 
knowledge with other studies. There is a need for more studies both in terms of the same 
methods in different locations, as well as longitudinal studies. It seems likely, however, that 
those having an interest in birds would spend more time on the free listing question, increasing 
the gap between those with higher and lesser knowledge. Most respondents (63 percent) self-
rated their knowledge of birds as poor or fair. In relative terms, this self-assessment showed to 
be an accurate measure, with those assessing their knowledge to be greater showing greater 
scores for all measures of knowledge. With more and more people living in urban areas, 
support for conservation measures outside urban locations will likely need to come from urban 
residents (Miller, 2006; Dunn et al., 2006). Finding this support may be difficult without 
residents being knowledgeable about ecological issues. However, in terms of general bird 
knowledge in Wellington, I found that knowledge varied widely between respondents, with a 
few respondents’ having an extensive knowledge.  Given the variance in total knowledge held 
by different respondents, knowing what variables might predict different levels of knowledge is 
important.    
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4.2 Predictors of Ecological knowledge  
I utilized a self-administered mail survey of Wellington residents to examine possible 
relationships between ecological knowledge and various socio-economic and other indicators. 
Across the three measures of knowledge, residents with higher levels of education, who more 
frequently visited parks inside and outside Wellington, who had higher levels of green space on 
the property, and who lived in the least urbanised areas (generally further form the Central 
Business District), had higher levels of ecological knowledge. These variables were much more 
important for ecological knowledge levels than avian richness, which was not a key predictor. 
The variables of gender, hobby and sports groups, income, perceived access to greenspace, and 
participation in outdoor recreation activities were not significant predictors. Age and 
community group membership were each predictors in only one measure of knowledge. For the 
specific knowledge about neighbourhood birds, older residents tended to have higher levels of 
knowledge.  
Geographic location - The geographic location of the residents’ home showed 
significance in predicting knowledge levels, with those residents living further from industrial 
and commercial districts showing greater levels of knowledge than those living in a more 
central and urbanised location. This supports the study of MacDaniel and Alley (2005). Those 
respondents whose residence adjoined green spaces had the highest levels of knowledge. 
However, accessibility to greenspaces was not correlated with knowledge, and it cannot be 
assumed that those living near green spaces have a higher knowledge because of the effect of 
the green spaces. It may also be that those with a higher appreciation for nature, and who are 
possibly more knowledgeable about the natural world, simply prefer to live in these locations. 
My results do not seek to prove causation, but to simply identify predictors of knowledge. I 
analysed the factors that correlated with location, and identified the amount of residential green 
space as being strongly correlated. When I controlled for the amount of private green space, the 
geographic location was no longer significantly correlated with ecological knowledge. This 
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suggests the level of green space on the property was a strong factor in the characteristics of the 
location in terms of residents’ knowledge.  
Park visits – Additionally to the amount of greenspace on the property, I found that 
individuals who more frequently visit parks, both locally and regionally, had higher levels of 
ecological knowledge. This supports the idea that an increased interaction with the natural 
world has a positive effect on knowledge levels (e.g. Miller, 2005; Pilgrim, 2007). The 
psychological importance of urban green spaces for the well-being of urban residents is well-
documented (e.g. Pretty et al., 2005; Tzoulas et al., 2007; Maas et al., 2009), and my study 
supports the idea that urban green spaces can have a positive effect on ecological knowledge 
levels as well. Yet given the general trends of fewer visits to parks and reserves (e.g. Pergams 
and Zaradic, 2008; Kareiva, 2008) and of residents spending more and more time indoors (Orr, 
2002), then the ecological knowledge of urban residents seems likely to decrease as well. The 
‘extinction of experience’, as people become disconnected with nature, has long been a concern 
regarding urban residents (Schneider and Salk, 2002). It needs to be stressed that my results do 
not prove causation, and it may be that those who have a greater ecological knowledge simply 
visit parks and reserves more frequently. However, since the frequency of visits to urban green 
spaces is positively correlated with ecological knowledge, then good urban planning in 
encouraging urban residents to regularly frequent urban green spaces is likely to have 
importance.  
Outdoor Recreation - As others have noted (e.g. Tarrant et al.,1997; MacDaniel and 
Alley, 2005), the type of outdoor interaction seems important. In my study, most respondents 
(90 percent) participated in some form of outdoor recreation, but the frequency of participation 
in outdoor recreation activities was not a significant predictor of ecological knowledge, nor 
significantly correlated. The frequency of visits to green spaces was a significant predictor of 
knowledge however.  
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Greenspace assessiblilty - Characteristics such as the amount, accessibility, and quality 
of urban green spaces have all been shown to affect the way in which knowledge is acquired 
(Herzele and Wiedemann, 2003). However, my study found perceived accessibility to green 
space was not a predictor for knowledge, and this may be explained by the fact that the vast 
majority of respondents (95 percent) found green spaces easy or very easy to access. Studies 
show that accessibility is important, with most people unwilling to walk more than 400m from 
home to reach a green space (Burgess et al., 1988), and in Wellington accessibility does not 
appear to be a barrier for residents. As my results show, 35 percent of respondents visit local 
parks at least once a week. In other cities where access to green spaces is more limited, a 
stronger link might be found between perceived accessibility, frequency of visits, and 
knowledge, but in Wellington accessibility does not appear to be an issue. 
Education - Various studies in the literature support my findings of a positive 
relationship between ecological knowledge and a higher level of education (e.g. Kellert, 1976; 
Kellert and Barry, 1987; Reyes-Garcia, 2005). It should be noted that my survey respondents 
were generally more highly educated than the Wellington population as a whole, which is a 
possible source of bias in the results. Other studies have found only a weak relationship 
(MacDaniel and Alley, 2005), or a negative relationship between higher levels of education and 
ecological knowledge (e.g. Guest, 2002; Voeks and Leony, 2004; Quilan and Quilan, 2007). 
The wide range in results likely reflects the different roles of education among the various 
studies shown to date. For example, various studies have concluded that exposure to 
government-run education systems has led to a loss of traditional ecological knowledge in 
different indigenous communities (e.g. Voeks and Leony, 2004; Quilan and Quilan, 2007). 
Similarly, Pilgrim et al (2007) found that in an urban non-traditional setting in the UK, 
individuals with the lowest levels of ecological knowledge tended to acquire what knowledge 
they had from television and school. My results showed that the relationship between education 
and ecological knowledge is unlikely to be spurious. Education was positively correlated with 
income and frequency of visits to parks and reserves, yet the positive relationship between 
87 
 
education and knowledge still held when controlling for these other variables. It is possible 
though that education instead correlates with other variables that I have not tested for, such as 
travel. The survey respondents were also more educated than the general Wellington 
population, so there may be a possible bias here. 
Age - Age was a significant predictor of knowledge levels about the birds seen or heard 
in the neighbourhood, with older residents having a higher level of knowledge than younger 
residents. Age was still significantly correlated with neighbourhood bird knowledge after 
controlling for the other variables correlated with age (income and belonging to a hobby 
group). Other studies, particularly those focused on traditional ecological knowledge in non-
urban communities (Voeks and Leony, 2004; Quilan and Quilan, 2007), also found that older 
residents have a greater ecological knowledge. In an urban UK study, Pilgrim et al. (2008) 
found older people were able to identify more species than younger people. The loss of 
knowledge between the age groups may be because ecological knowledge is acquired 
continually through life, but may also represent a loss of knowledge between generations. If the 
latter is the case, this is of concern. One reason for the loss of traditional ecological knowledge 
is the loss of transmission and change in livelihoods (e.g. Voeks and Leony, 2004; Quilan and 
Quilan, 2007). This may contrast with the ecological knowledge that I have examined, in that 
the knowledge is not always passed on from one generation to the next. Therefore, the effect of 
age on TEK and on other forms of ecological knowledge may differ. Since age was not a 
significant predictor for the other measures of knowledge I studied (general freelisting of 
species and photograph identification), it seems possible that the positive association with 
knowledge about the neighbourhood bird species reflects experiential knowledge. This 
correlation still holds when I control for residence time, and shows a linear relationship so 
seems unlikely to be influenced by retirement factors. It should be noted that there is a possible 
bias in my results, with the survey respondents being older than the general Wellington 
population.   
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Gender - Gender has often been shown to be an influential factor in predicting 
knowledge levels (e.g. Voeks and Leony, 2004; Quilan and Quilan, 2007), as well as 
perceptions of nature (Kellert and Barry, 1987; Martino, 2008). However, like many previous 
other studies (Guest, 2002; Gupte, 2002; MacDaniel and Alley, 2005; Pilgrim et al., 2007) I 
found gender was not a significant variable in predicting ecological knowledge of urban 
residents. It may be that gender has a more significant role in ecological knowledge variation 
amongst traditional societies, or concerning traditional ecological knowledge, rather than 
generalised knowledge in an urban setting. 
 
Income - Income was another non-significant predictor of knowledge, lending support 
to other studies of urban residents such as MacDaniel and Alley (2005) and Pilgrim et al. 
(2007). The general trend seems to be that nature experiences have a larger effect on knowledge 
levels than various socio-economic characteristics. Although hobby and sports club 
membership were not significant predictors of general bird knowledge, participation in 
community groups was significant. Previous studies show that individuals with the highest 
knowledge scores acquired the knowledge from word-of-mouth associations, such as family or 
interest groups (Pilgrim et al., 2007), and this may help explain why being a community group 
member was significant in predicting knowledge. However, amongst the hobby group 
members, almost one quarter of those that specified the groups they were affiliated with, were 
part of environmentally focused groups. If knowledge is correlated with interest (Turpie, 2003), 
then this might have been expected to be a predictor. A possible reason for the lack of 
relationship that I found may be that my analysis only examined whether they were part of a 
group, which was too general. Analysing those respondents that were part of an environmental 
group may have showed a significant relationship. However, my data were not robust enough to 
analyse this, as most respondents chose not to specify which group(s) they belonged. 
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 Species richness - The quality of the greenspace, as measured in terms of bird diversity 
and richness, differed among landscape types across Wellington. Species richness was highest 
in green landscapes (S=15.9), and lowest in commercial districts (S=6.7) (Vinton, 2008). Using 
this local avian richness data, the neighbourhood bird diversity was analysed against the 
unweighted knowledge scores of respondents from those neighbourhoods. It was hypothesized 
that the decreased flora and fauna diversity that residents are exposed to across an urbanisation 
gradient might correlate with lower knowledge scores. However, regression and correlation 
analyses showed that bird diversity was not significantly correlated with ecological knowledge, 
and that bird diversity was not consistently found as a significant predictor of knowledge levels. 
Therefore, although greenspace seems to be an important predictor for ecological knowledge, 
direct access to a greater richness of birds is not. Possible explanations for this may be that the 
time spent outdoors is more significant than having high avian richness in the neighbourhood. 
If people are not outdoors and experiencing wildlife firsthand, increased neighbourhood species 
diversity may have little impact on knowledge. Additionally, it may also be that visiting 
greenspaces increases an individuals’ interest in the natural world, which in turn makes them 
more interested in ecological issues, and consequently more ecologically knowledgeable (e.g. 
Turpie, 2003). If this is the case, then the decreased species diversity in urban areas may not 
have such an adverse effect on residents’ knowledge as hypothesised, as long as there are 
opportunities for natural interactions (e.g. Miller, 2005).     
These results support the literature advocating the importance of green spaces (e.g. 
Bonaiuto et. al., 1999; Frumkin, 2001; Chiesura, 2004; Yli-Pelkonen and Niemela, 2005; Maas 
et. al., 2009). Research has shown the benefits of green spaces to be wide-ranging for urban 
residents, in terms of health and general well-being (e.g. de Vries et al., 2003; Pretty et al., 
2005; Maas et. al., 2009), as well as providing social benefits such as space for human 
interactions (Kim and Kaplan, 2004). My findings show that living closer to greenspaces and 
visiting these spaces more frequently are predictors of higher levels of ecological knowledge 
amongst residents. Ecological knowledge is important in many ways, and especially for 
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conservation efforts. People are unlikely to support conservation movements without 
knowledge about the ecological issues involved (Miller, 2005), and knowledge can be an 
important factor in pro-environmental behaviour (Hungerford and Volk, 1990; Kals et al., 
1999). Therefore, my results lend further support to efforts aimed at increasing residents’ visits 
to urban green spaces (e.g. Burgess et al., 1998; Cranz and Bolard, 2004).  
 
4.3 Native and exotic bird knowledge  
 The second research objective was to investigate the level of knowledge amongst 
Wellington residents about native and exotic bird species, and whether there were significant 
differences in knowledge levels between the two groups. If urban dwellers do not have 
knowledge of and regard for native species it will be harder to convince them of the need for 
conversation measures to protect these species (McKinney, 2002). My study found that 
respondents named more exotic than native bird species both in terms of neighbourhood birds 
and when free listing species, and could correctly identify more exotic than native species by 
photograph. Two of the three most commonly incorrectly identified birds were native birds. 
Analysing further the residents’ general knowledge of native species (as measured by 
freelisting), the greater knowledge of non-native species was true across different sectors of the 
Wellington population. Irrespective of the respondents’ age, education level, or income group, 
more exotic species were named than native species. This trend held true across the different 
geographic locations, and households with differing levels of green space. The lower levels of 
knowledge about native species may have worrying implications for native conservation efforts 
(Miller, 2005).  
According to the actual bird richness data for Wellington City, exotic birds were more 
common than native species, with sparrows, starlings, black-backed gulls, and feral pigeons 
being the most common species (Vinton, 2008). The native bird species all showed a 
descending abundance distribution with increasing urbanisation. The participants’ knowledge 
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levels concerning native birds followed this same pattern, with residents having a higher 
knowledge of native birds in less urbanised locations further from Wellington’s commercial 
districts. Similarly in a Dunedin study, overall species richness did not differ much between 
most urban habitats in Dunedin, but the number and abundance of native species did differ 
(Heezik et al., 2008). The neighbourhood bird abundance and richness can be influenced by the 
neighbourhood socio-economic status, and native and non-native species are not equally 
distributed throughout the urban area (Melles, 2005; Loss et al. 2009). Native species were 
more common on the outer edges of the urban area, and exotic species more common in the 
central city. Therefore, it may be that non-native species are better known because they are 
generally more common in the urban area. Native birds survive in bush remnants and green 
spaces, but residents are likely to see more exotic birds on the streets and central city area. 
However, the effect of location on native knowledge was not confined to species richness, as 
the pattern of higher levels of knowledge of non-native species still held after I controlled for 
species richness. A reason why species richness was not found to be a predictor for knowledge 
of neighbourhood native species may be due to the way the species richness was measured. I 
used a measure of overall species richness, which included both exotic and native species, and 
the overall richness measure may have masked trends in native species richness. However, 
overall species richness and native species richness both generally decline with increasing 
urbanisation (Vinton, 2008). 
Investigating the patterns in native and exotic species knowledge, I hypothesise that 
knowledge may be learned differently depending on the species. The multiple regression 
analysis showed that for general bird knowledge (as measured by freelisting), the amount of 
green space on the property was a significant predictor for exotic species knowledge, but not 
native knowledge. Comparing neighbourhood bird knowledge, age was only significant for 
exotic species knowledge, while education was significant for native species knowledge. The 
knowledge of many native bird species may be less likely to come from direct experience with 
the species but rather through education, books, family, or the media. For example, most New 
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Zealanders would be able to name a kiwi, but few would have actually seen one in the wild. 
Respondents might be able to name more exotic birds through having seen them on or around 
their property (influenced by the level of green space). Hobby group membership, being a 
predictor of higher native species knowledge but lower exotic species knowledge, supports the 
idea that native bird knowledge may be acquired through social interactions (Pilgrim, 2007). 
 Therefore, different types of knowledge can have different predictors. The different 
types of knowledge are strongly correlated with each other, but they appear to be affected by 
different types of variables. Thus, if we hope to impact ecological knowledge we may need to 
decide which type of knowledge to impact, and therefore target different predictors.  However, 
because the models explained relatively little of the variation, other factors that I haven’t tested 
for seem important.  
 
4.4 Unexplained Variance 
Whilst the regression models were shown to be significant in analyzing the variables, 
much of the variance could not be explained (77 - 93 % of the variance remained unaccounted 
for in the models). This result should not be entirely unexpected, as knowledge accumulation 
has been shown to be a complex process, with the contributing factors not well understood 
(MacDaniel and Alley, 2005). Several variables I did not include in the multiple regression 
models may be impacting knowledge levels.  For example, Pilgrim et al (2007) found that 
individuals with the highest degree of ecological knowledge acquired it from family and 
environmental occupations (Pilgrim et al, 2007). Family situations may also be important in 
terms of the childhood experiences of individuals. Studies show that direct experience with 
nature as a child is an important factor in knowledge and pro-environmental behaviour later in 
life (Chawla, 1998; 99). 
In addition, the definition of greenspace I used may limit the predictive power of this 
variable. For example, Yli-Pelkonen and Niemela (2005) divide urban natural areas into three 
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categories: 1) ‘relict’ nature, remnants of original nature, 2) ‘man-made’ nature such as parks, 
gardens, restored nature, and 3) ’spontaneous’ nature, such as flora and fauna in highly 
urbanised sites. Simply walking around town may bring residents into contact with examples of 
‘spontaneous’ nature without the need for time in parks or formally designated green spaces. 
Therefore, time spent outdoors may also account for part of the unexplained variance, outside 
and above the formal parks and outdoor recreation opportunities that I examined. In terms of 
park and green space visits, there is also an issue of discrepancy between apparent connection 
and having a real depth of contact (Pyle, 2003). An urban dweller may have a greater intimacy 
with the living world by walking through an overgrown, abandoned site, rather than driving to a 
park and having lunch while sitting in the car, for example.  
 
 Therefore, this study found certain socio-economic factors were significant as 
predictors of ecological knowledge, but other factors had little effect. However, private and 
public green space interactions were positive predictors across all measures. Identifying how 
knowledge can be enhanced holds importance for behaviour as well. Knowledge is often a 
critical factor determining behaviour (Kals et al., 1999). It is of interest then to examine the 
characteristics of those feeding birds and planting trees for the benefit of birds, and any trends 
amongst participants.  
 
4.5 Bird Feeding and Tree Planting            
 I examined the characteristics of those Wellington residents who were feeding birds 
and planting trees for the benefit of birdlife. A large proportion of residents were feeding birds 
on their property (42 percent), with almost a third of these using a purpose-built feeder. Of 
those feeding birds, ten percent were specifically targeting native birds with their feeding. I also 
found that many residents had planted trees to attract birdlife (36 percent), with a further 22 
percent willing to do so if they had the opportunity. Studies in North America, Australia, and 
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the United Kingdom have found similar results, with 20-60 percent of urban residents feeding 
wildlife (DEFRA, 2002, Rollinson et al., 2003; Lepczyk et al., 2004, Ishigame and Baxter, 
2007, Davies et al., 2009), and around 50 percent of urban residents had planted or maintained 
vegetation for the benefit of birds in an American study (Lepczyk et al., 2004). However, 
differences between the methods in all of these studies make direct comparisons difficult. 
 With bird feeding and tree planting having been shown to be able to influence the 
composition of avian communities in urban environments (e.g. Fuller et al., 2008; Loss et al., 
2009), understanding which residents are participating in these activities is of interest. 
Residents who fed birds and planted trees were both older and had lived for a longer length of 
time at their current address than those who did not. Women were also more likely than men to 
have planted trees to attract birds. These results support the findings of Lepczyk et al. (2004), 
who also concluded that gender and age are significant predictors of tree planting. However, 
unlike Lepczyk et al (2004), I found no significant difference between those planting trees and 
feeding birds in terms of education and income levels. Similarly to ecological knowledge, the 
amount of green space on the property was positively correlated with tree planting and bird 
feeding. 
I ran a logistic regression model to examine the characteristics of those participating in 
activities encouraging birdlife to their garden. My results showed that the level of greenspace 
on the property was a positive predictor for residents’ bird feeding behaviour. This result 
supports the literature, that key variables in the distribution of bird feeding are access to a 
garden and the garden size due to logistical or infrastructural barriers presented by a lack of 
outdoor space in which to attract wildlife (e.g. Gaston et al., 2007). I also found that 
accessibility to greenspace was a predictor for feeding. The significance of greenspace 
accessibility may be that this is impacting on knowledge, awareness, and attitudes, which in 
turn may influence behaviour (Kals et al., 1999). The analysis showed that knowledge of 
neighbourhood birds was indeed a positive predictor for bird feeding. This is not unexpected as 
models show knowledge can be a key pre-requisite of behaviour (e.g. Hungerford and Volk, 
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1990; Ajzen, 1991). However, the other two measures of knowledge that I examined were not 
predictors of bird feeding. Another factor that may have contributed to the low predictive 
power of my models is the debate over the value of wildlife feeding. For example, studies in 
Australia (e.g. Ishigame and Baxter, 2007) have shown that the most common reason for 
feeding birds was concern for the birds’ welfare, indicating that non-feeders are not necessarily 
detached from wildlife and are instead actively not participating. In New Zealand, the 
Department of Conservation recommends planting native trees and plants as a means of 
encouraging bird life to residents’ gardens, and does not specifically support providing 
supplementary food (DOC, 2009). Therefore, this may help account for the lack of association 
between the other two measures of knowledge and feeding.  
Higher neighbourhood bird richness was negatively correlated with bird feeding. Other 
studies have shown that bird feeding declines across different neighbourhoods as 
socioeconomic deprivation increases, but increases with avian species richness and abundance 
(Parsons et al., 2006; Fuller et al., 2008). Further, providing food for birds increases the 
diversity and number of individuals visiting an individual garden and can impact the status of 
urban bird populations (Daniels and Kirkpatrick, 2006; Parsons et al., 2006; Fuller et al., 2008). 
A possible explanation for my finding could be that a significant reason for feeding might be to 
encourage birds to the property (Ishigame and Baxter, 2007), and so if bird diversity is already 
high, there is a reduced need to provide supplementary food to encourage birdlife. With debate 
concerning whether providing supplementary food is ecologically beneficial to birds or not, 
residents in areas with high bird populations might refrain from feeding. Additionally, I only 
examined bird species richness, and it may have been that while bird richness was low in some 
areas, the bird abundance was high.  
Alternatively to bird feeding, another way to encourage birds to residents’ properties 
which is actively encouraged, is tree planting (DOC, 2009). I found women, older residents, 
those with higher educational qualifications, and those having a higher knowledge about 
neighbourhood birds were more likely to plant trees to attract birds. There have been mixed 
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reviews in the literature investigating the participation of householders in wildlife-encouraging 
activities. Some studies showed an individual’s socio-economic status had little effect on this 
behaviour (Gaston et al., 2007), while other studies showed that there are some socio-economic 
variables that can have influence (such as age and gender), while others (such as education) do 
not (Lepczyk et al., 2004). In my study, it is possible that a higher level of education 
represented a higher awareness of the benefits tree planting could have on bird abundance and 
diversity, and reflected in higher rates of tree planting. Respondents with a greater knowledge 
about the neighbourhood bird species (both native and exotic) were also more likely to plant 
trees. A possible reason given is that respondents with a greater knowledge of bird species may 
have a greater appreciation for birds, and may seek to encourage more species to the property 
through tree planting. Planting vegetation can influence and increase bird richness and 
abundance, both native and exotic, depending on the tree species planted (Heezik et al., 2008). 
However, it should be noted that I do not seek to prove causation. Studies suggest that activity 
which reduces an individual’s perceived separation between self and nature will then lend itself 
to an increase in the individual’s biospheric concern (Schultz 2000), biospheric environmental 
concerns being based on a value for all living things. Thus, any environmental education 
activity such as a trip to the park, or a walk through a green space, should lead to the individual 
having a feeling of greater inclusiveness and interconnectedness (Shultz 2000), and so 
encourage pro-environmental behaviour. 
Similarly to the ecological knowledge analysis, little of the variance in bird feeding 
(9.9 percent) could be explained by the independent variables I examined. The model had more 
success in predicting tree planting behaviour (25 percent of the variance). This reflects the 
complexity in predicting behaviour. Knowledge and attitudes may be prerequisites for 
behaviour (e.g. Hungerford and Volk, 1990; Stern, 2000), but the predictors for action are hard 
to identify.  
With the drivers of pro-environmental behaviour being so complex, there are likely to 
be many variables that I did not examine which may correspond to some of the unexplained 
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variance. Kollmuss and Agyeman (2002) identify demographic factors, external factors (e.g. 
institutional, economic, social, and cultural) and internal factors (e.g. motivation, pro-
environmental knowledge, awareness, values, attitudes, emotion, responsibilities and priorities) 
as all having influence on pro-environmental behaviour. Residents that feed birds are likely to 
be doing so for a variety of reasons, such as the pleasure it gives the participants, the link with 
the natural world, or for environmental reasons (Rollinson et al., 2003; Miller, 2005; Ishigame 
and Baxter, 2007; Jones and Reynolds, 2008).  
So while demographic factors and ecological knowledge can influence behaviour, there 
are many other factors also having influence. However, I have identified certain factors which 
have been shown to be predictors of ecological knowledge and behaviour, and focused urban 
planning could help enhance levels of knowledge and behaviour. 
 
4.6 Urban planning considerations 
 
The key variables that predict ecological knowledge and behaviour were frequency of 
visits to greenspaces, the amount of greenspace on the property, and the level of education. 
From an urban planning perspective, the focus should be on increasing visits to greenspaces, 
given their importance in ecological knowledge levels. A variety of options are available to 
increase interactions between people and the natural world, including the creation of more 
green areas and corridors, improving access (Neuvonen, 2007), and encouraging people to 
participate in activities such as bird feeding (Davies et. al., 2009). However, accessibility does 
not appear to be limiting residents’ visits to greenspaces in Wellington, with most residents 
perceiving they have easy access to greenspaces. Therefore, people seem to be choosing to visit 
or not visit depending on other variables. 
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The type of greenspace available may be an important variable in encouraging residents 
to visit. Greenspaces that have multiple uses (e.g. for walkers, sports participants, picnickers) 
tend to be visited by residents more frequently (Giles-Corti et al., 2005). A need also exists for 
a  variety of greenspaces at different functional levels, ranging from small parks that residents 
may connect with strongly on a daily basis, through to large greenspaces that may be visited 
less frequently (van Herzele and Wiedemann, 2003). An issue in urban planning is that 
authorities tend to accord higher ‘green values’ to conventional parks and playing fields, rather 
than to high-biomass sites which would not have the status of formal open spaces (e.g., derelict 
and temporarily vacant sites; Nicol and Blake, 2000). People visit parks for a variety of reasons, 
but the main reasons often given for visiting natural areas are to rest, relax, and to be close to 
nature (Chiesura, 2004). Reducing the traffic or traffic speeds (and noise) on streets 
surrounding greenspaces may make the space more attractive to visit (Gidlof-Gunnarsson and 
Ohrstrom, 2007), and in turn increase the frequency of visits by residents.   
 
Increasing the attractiveness of greenspaces can extend to the area surrounding the 
greenspace as well. While residents may have easily accessible greenspaces nearby, they may 
not be pleasant to access. The presence of large, attractive greenspaces nearby has been shown 
to increase walking amongst residents (Giles-Corti et al., 2005). Additionally, making the 
streetscape more attractive for walking may encourage people to walk to a nearby park. In the 
Netherlands, for example, residents who commuted by foot or cycle tended to participate in 
other outdoor activities more frequently (Neuvonen et al., 2007). The streetscape can be 
enhanced for walking by reducing or slowing down traffic, providing pathways offset from the 
road, and by the planting of streetscape vegetation. The planting of streetscape vegetation is can 
also influence avian diversity (e.g. White et al., 2005). Planting native vegetation within 
streetscapes can promote native species by providing advantageous habitat and enhancing 
remnant vegetation in parks by diffusing the park edge (White et al., 2005). The planting of 
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native trees rather than exotics on streets would also be an effective way urban planners could 
enhance the quality of the urban habitat.  
  
The quality of natural interaction urban residents experience needs consideration, with 
this study finding higher levels of exotic species knowledge amongst urban residents. Although 
greenspace interactions were positive predictors for native species knowledge, knowledge of 
native species knowledge was still relatively low. Exotic species knowledge was higher across 
all sections of the population. The higher proportion of exotic bird species residents were able 
to name, and identify, may have worrying implications for native conservation measures. If 
urban residents are disconnected and unfamiliar with native flora and fauna, then it may be 
difficult to persuade them to promote native species conservation (McKinney, 2002; Turner et 
al., 2004, Miller, 2005). This could result in disaffection and apathy, which in turn could 
produce even more degenerative environments, fuelling a negative feedback cycle (Miller, 
2005). 
 
To help increase residents’ knowledge of native species, urban measures to encourage 
native species should be promoted. There is a large potential for native tree planting in the 
Wellington region. A recent study of residents in the Greater Wellington region found that over 
50 percent of residents were willing to volunteer their own labour to plant native trees and 
shrubs on public lands (Kaval et al., 2007). However, only a small proportion of these people 
are active participants in the number of organisations that already organise such schemes 
(Kaval et al., 2007). The challenge then is to connect the large number of people who say they 
are willing to plant trees with organisations that actually plant. Well-publicised council-led 
schemes could potentially reach more people. Additionally, a survey found that Wellington 
urban residents were willing-to-pay an average of $189/annually for Biodiversity Enhancement 
Schemes, on public and private lands (Kaval et al., 2007). There is a possibility then of funding 
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these schemes through annual rates. The Wellington City Council already has a scheme to give 
out free plants for residents to plant on reserves and road-reserves once a year (Wellington City 
Council, 2009), but this scheme could be extended to include plants for private gardens.     
 
As well as public green spaces, private gardens were also a significant factor in 
predicting higher levels of ecological knowledge and behaviour. Private greenspaces may be a 
major factor in the effect of residential location on knowledge, as location was no longer a 
predictor for knowledge after controlling for the amount of greenspace on the property. 
Greenspace was also a key predictor of knowledge. Private domestic gardens often constitute 
the single largest green space in many cities (van Heezik et al., 2008), but garden sizes are 
currently declining in New Zealand and elsewhere (Liu et al., 2003). Cities around the world 
are implementing ‘compaction’ as a strategy, to both mitigate urban sprawl and satisfy 
development needs. Compaction advocates new residential development should take place on 
land within the city limits, but unfortunately this is often at the expense of green spaces 
(Yokohari et. al., 2000). There are methods to have urban greenspaces with compaction 
however, such as the development of rooftop gardens (Takahashi, 2008). 
 
Gardens vary greatly in terms of the vegetation and composition (Garston et al., 2005; 
Mathieu et al., 2007). From an urban planning perspective, one measure to enhance urban 
ecosystems, and encourage native fauna, could be to encourage native tree plantings in private 
gardens. I found 36% of respondents had planted trees for encouraging birdlife in Wellington, 
and a further 22 percent would be willing if they had the space to do so. Urban areas can 
support high levels of species diversity (Head and Muir, 2006), so the potential is there for 
urban residents to interact with nature in a meaningful way with thoughtful urban planning, 
with positive benefits for knowledge and conservation. A focus on encouraging private 
greenspace management would be a way to immediately impact interaction rates. Planting 
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could be encouraged by providing cheap native trees, subsidised by the council, for planting in 
gardens.  
 
Residents can also interact with nature through bird feeding, and my study shows bird 
feeding is prevalent across Wellington. This can have consequences for conservation, as the 
provision of supplementary food for birds by urban residents can also impact urban bird 
populations (Fuller et al., 2008). Feeding birds in urban areas is often discouraged because it 
may attract exotic ‘pest’ birds that can displace native species (Parsons et al., 2006). However, 
with urban residents becoming more disconnected with nature (e.g. Miller, 2005), perhaps 
certain types of feeding can be encouraged that focus on native species. Or perhaps, as Dunn et 
al. (2006) propose, we may need to reconsider how we portray non-native species. If bird 
feeding helps connect residents with the natural world, it may have positive benefits for interest 
and knowledge levels in ecological issues, which can in turn help provide support for 
conservation measures outside urban areas. Given the high percentage of Wellington residents 
feeding birds, more research is needed on the ecological impacts of bird feeding and on 
mechanisms which can ensure any impacts are positive. 
 
 
4.7 Research Suggestions 
There is a need for more research on urban social ecology, with few studies examining 
urban ecological knowledge. A comparative study with another New Zealand city comprising 
lower levels of urban greenspace than Wellington would be useful. Longitudinal studies would 
also provide more detailed information on predictors of ecological knowledge, and 
understanding whether knowledge is being lost through generational change.  
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An additional variable that could be added to the models I used would be investigating 
the possible effect that residents’ mode of transport has on ecological knowledge levels. 
Residents’ who commute around town by walking or cycling have been shown to more 
frequently visit greenspaces in a study from the Netherlands (Neuvonen et al., 2007). Walking 
itself may also lead to more interaction with the natural world, due to the abundance of 
vegetation often growing alongside roads. Another variable worth adding to the models would 
be the location of an individuals’ childhood residence. Nature interactions while growing up 
have been shown to have a large influence on environmental behaviours later in life (e.g. 
Chawla, 1999).    
 An interesting area for study would be to investigate the effect that ‘spontaneous’ urban 
nature has upon urban residents, such as overgrown vegetation in abandoned lots, or by the 
roadside, areas that councils would normally deem ‘waste land’. Comparing the effect of the 
spontaneous vegetation against the other two types of vegetation would also be of interest. 
Urban green spaces in the forms of parks and reserves are often landscaped and lacking the 
‘wild’ aspects of the natural world that urban residents may well be becoming neglected from, 
and the effects on knowledge and attitudes towards the natural world upon interaction with 
these different ‘types’ of nature would be an interesting study.  
 Future studies investigating how native and exotic knowledge is obtained is important, 
given the lack of native knowledge exhibited in this study. As well, research needs to be done 
investigating the links between knowledge and behaviour, looking at why some residents 
participate in pro-environmental behaviour while others do not. For example, investigating the 
motivations and barriers towards tree planting would be useful.   
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4.8 Conclusion - Urbanisation, Ecological Knowledge, and Behaviour 
 Despite substantial biodiversity overall in cities worldwide, most urban residents are 
concentrated in neighbourhoods of reduced biodiversity, and live in biological poverty (Turner 
et al., 2004). Native species show an often severe decline with increasing urbanisation, with 
natives replaced with non-native species, and urban environments often have more in common 
with other cities than with adjacent natural ecosystems (McKinney, 2002). This leads to the 
‘extinction of experience’, a cycle of impoverishment initiated by the homogenisation and 
reduction of local flora and fauna, which is then followed by disaffection and apathy (Miller, 
2005). This in turn leads to even more impoverished environments and isolation from nature. 
Knowledge is positively associated with attitude towards the importance of ecological 
knowledge (Pilgrim, 2006), so knowledge loss leads to a greater disconnection from nature, and 
a reduced time spent outdoors, fuelling a disconnection cycle. With knowledge being a pre-
requisite for pro-environmental behaviour (REF), there is the potential for further negative 
ecological effects.   
 This study found that time spent outdoors in green spaces, parks, and reserves had a 
positive effect on ecological knowledge levels, providing support that experiences with the 
natural world, and urban green spaces, are important. Higher frequencies of visiting parks and 
reserves locally and regionally were both correlated with higher knowledge scores for 
individuals. The residential location was also an important variable, with knowledge decreasing 
with increasing urbanisation. The key change is the decrease in amount of garden space and the 
quality of greenspace (as measured by species richness). Education was generally positively 
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correlated with knowledge, except on identifying common neighbourhood birds, suggesting 
nature experience is a more important variable. The effect of residential location on knowledge 
levels was linked in part to the level of greenspace on the property. Property greenspace levels 
were strongly positively linked with ecological knowledge and behaviour.  
 Responsible behaviour toward the environment is closely related to people’s direct 
experiences with nature, stressing their importance (Chawla, 2007). This study also found that 
the frequency of visits to local and regional parks was a positive predictor of tree planting and 
bird feeding. A small minority of those feeding birds were targeting native species (ten 
percent), but with mixed evidence as to the ecological benefits of bird feeding this should not 
necessarily be seen as a lack of concern or preference for exotic species. The abundance of bird 
feeders shows the potential to influence urban flora however. Of concern was the lack of 
knowledge concerning native bird species, with exotic species more widely known and 
identifiable by residents. With exotic bird richness and abundance increasing across an 
increasing urbanisation gradient, this may reflect the urban nature residents are exposed too, 
and gives support to measures aimed at increasing native species richness and abundance in 
urban areas.  
These findings are important and stress the importance that greenspaces can have on ecological 
knowledge and behaviour. Efforts need to be focused on increasing residents’ frequency of 
visits to greenspaces, and providing measures to help encourage activities that enhance the 
urban environment, such as tree planting.     
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Appendix 1 
 
Urban Wildlife and Ecological Knowledge in Wellington Survey – Questions (not in original 
formatting) 
 
1. How would you rate your own knowledge about bird species in your   neighbourhood?  
Please tick (✓) the appropriate box. 
□ Poor 
□ Fair 
□ Good 
□ Very Good 
□ Excellent 
 
2. Without using any references or talking to other people, write down as many bird species 
as you can in five minutes. From this list, place a cross ( x ) next to the birds that you think 
you would be able to recognise. Place a tick  (✓)  next to the birds that are native to New 
Zealand. 
 
3. List the bird species that you have commonly seen or heard in your local neighbourhood 
within the last year. From this list, place a tick  (✓)next to the birds that you think are native 
to New Zealand. 
 
4. Have you noticed any change in the number of birds in your neighbourhood during the 
last year? 
 
□ Yes, the number of birds has increased 
□ Yes, the number of birds has decreased 
□ No change 
□ Not sure 
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The following section is concerned with green spaces 
 
5. In general, how easy or difficult is it for you to get to a local park or other green space in 
your area? 
 
□ Very Difficult 
□ Difficult 
□ Neither 
□ Easy 
□ Very easy 
□ Don’t know 
 
6. How often did you visit a local park or reserve in the last year? 
 
□ Not at all     (Skip to 8) 
□ Once or twice a year 
□ About once a month 
□ Two to three times a month 
□ About once a week or more 
 
 
7. Which park(s) or reserve(s) did you visit most regularly in 2007? 
  
______________________________________ park / reserve 
 
8. How often did you visit a park or reserve outside Wellington in the last year? 
 
□ Not at all     (Skip to 10) 
□ Once or twice a year 
□ About once a month 
□ Two to three times a month 
□ About once a week or more 
 
 
9. Which park(s) or reserve(s) outside of Wellington did you visit most regularly in the last 
year? 
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 _____________________________________ park / reserve 
 
 
 
 
 
 
The following section is concerned with outdoor pursuits 
 
10. How often do you participate in outdoor recreation activities? 
 
□ Not at all             (Skip to 12) 
□ Once or twice a year 
□ About once a month 
□ Two to three times a month 
□ About once a week or more 
 
11. Which outdoor recreation activities do you participate in? 
Tick as many boxes as apply. 
 
□ Tramping 
□ Hunting 
□ Fishing 
□ Camping 
□ Climbing 
□ Outdoor Photography 
□ Swimming / Surfing 
□ Four-wheel driving 
□ Other(s). Please specify ________________________ 
 
 
12. Do you belong to any of the following? 
 
□ A sports club. If so, which type of sport? ______________ 
□ A hobby or interest group. Please specify ______________ 
□ A community or voluntary group 
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13. Write the name of the bird species pictured in the blank spaces provided, or tick the ‘don’t 
know’ box if unsure. 
 
                                                                                                                            
                         
 
          Bird 1 ___________________                  Bird 2 ____________________  
□  Don’t know     Don’t know 
      
                                  
          
          Bird 3 ___________________                 Bird 4 _____________________ 
□  Don’t know     Don’t know 
 
                                      
 
 
          Bird 5 ___________________                  Bird 6 ____________________  
□  Don’t know     Don’t know 
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          Bird 7 ___________________                  Bird 8 ____________________  
□  Don’t know     Don’t know 
 
14. To what extent do you agree or disagree with the following statements?   Please 
tick the box that most applies for each statement  
□  
 Strongly 
disagree 
 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
agree 
Green spaces are important habitat for 
birds 
     
Birds are an annoyance in my 
neighbourhood 
     
I am satisfied with the amount of green 
space in my neighbourhood 
     
A decline in native bird species is not of 
concern to humans 
     
Seeing birdlife in Wellington city is a 
pleasant experience for me 
     
Hearing birdlife in Wellington city is a 
pleasant experience for me 
     
Seeing exotic birds gives me greater 
pleasure than seeing native bird species 
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The parks in Wellington city are not 
important as habitat for birds 
     
I would support measures to help 
increase native bird populations in  
Wellington 
     
The health of bird populations in 
Wellington is important to me 
     
 
 
 
15. Which description below best describes the outside area of your current property? Please 
tick the relevant box. Private means that the outdoors area is not shared with other 
apartments/flats/houses. 
 
□ Has no outdoors area 
□ Has outdoors area which is shared between multiple apartments / houses 
□ Has private outdoors area, containing garden space 
□ Has private outdoors area, containing no garden space 
□ Don’t know 
 
 
16. Do you have a pet at this address? 
 
□ No 
□ Yes   Please specify     ________________________ 
 
 
17. Green space is defined as being an area devoted to gardens, park area, or vegetation. At this 
current address, how would you describe the level of green space on your property? 
  
□ No green space available              (Skip to 19) 
□ Small area of green space, not large enough to grow trees 
□ Some green space, with trees 
□ Large area of green space  
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18. On the property where you currently live, have you planted any trees or plants to encourage 
bird-life? 
 
□ No 
□ No, but would do so if had the opportunity 
□ Yes  Please specify what you’ve planted   ________________________ 
   
 
19. Have you, whilst living at this address, placed food outside specifically for birds to eat? 
 
□ No    (Skip to 21) 
□ Yes 
 
 
20. (If Yes) What is the food given for the birds?___________ 
 
 How is this food delivered to the birds? _______________ 
 
Which bird species were you targeting? _______________ 
    
 
21. Are there any other steps you have taken to encourage bird activity? 
 Tick all the boxes that apply 
 
□ Keeping pets indoors at night 
□ Placing a bell on a cat 
□ Minimising pesticide and/or herbicide use 
□ Maintaining nest boxes 
□ Maintaining bird baths 
□ Other.  Please specify   ________________________________ 
 
 
 
 
22. To what extent do you agree or disagree with the following statements? Please tick the box 
that most applies for each statement  
□  
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 Strongly 
disagree 
Disagree Neither 
agree nor 
disagree 
Agree Strongly 
agree 
Don’t 
know 
Some bird species in New 
Zealand were originally 
from another country 
      
Birds are more vocal at 
certain times of the day 
      
Some birds are better 
adapted to avoiding 
predators than others 
      
The introduction of exotic 
pest species has led to a 
decrease in native bird 
species in New Zealand 
      
Planting trees and plants 
can attract certain bird 
species 
      
Birds generally nest on the 
ground in New Zealand 
      
Some New Zealand birds 
fly to other parts of the 
world at certain times of 
the year 
      
 
The following questions concern general information  
 
23. Are you? 
 
□ Male  
□ Female  
 
24. Please tick the relevant age group to which you belong 
 
□ 15 – 25  
□ 26 – 35 
□ 36 – 50 
□ 51 – 70 
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□ Over 70 
 
25. Which ethnic group do you belong to? 
 
□ New Zealand European 
□ Maori 
□ Samoan 
□ Cook Island Maori 
□ Tongan 
□ Niuean 
□ Chinese 
□ Indian 
□ other. Please state _________________ 
 
 
26. How long have you lived at this current address? 
 
___________________________________    number of years 
 
27. Which country were you born in? 
 
 __________________________________    Country 
 
28.  How long have you lived in New Zealand? 
 
□ Less than one year  
□ One year to just under two years 
□ Two years to just under five years 
□ Five years to just under ten years 
□ Ten years or more 
 
29. What is your highest educational qualification? 
 
□ No formal qualifications 
□ Fifth or sixth form qualification (School Certificate passes, NCEA Level 1 or 2, Sixth Form 
Certificate, or University Entrance prior to 1986) 
□ High school qualification (University Bursary Entrance exam, scholarship, Higher School 
Certificate, National Certificate Level 3 or 4, Overseas School Qualifications) 
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□ Bachelor degree or vocational qualification (New Zealand certificate, National Diploma, 
Trade certificate, apprenticeship) 
□ Postgraduate degree (Honours, Masters, PhD) 
□ Other. Please specify  ______________________________ 
 
30. Which describes your annual personal income before tax? 
 
□ Loss 
□ Zero income 
□ Less than $10,000 
□ $10,001 - $20,000 
□ $20,001 - $30,000 
□ $30,001 - $40,000 
□ $40,001 - $50,000 
□ $50,001 - $60,000 
□ $60,001 - $70,000 
□ $70,001 - $100,000 
□ $100,001 or more 
□ Don’t know 
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Appendix 2. Bi-variate Correlation Matrix – Spearmans Coefficients.   
 Age Inc. Educ Green Out 
Rec 
Reg 
Park 
Local 
Park 
Access 
green 
Bird 
div. 
Geo 
Type 
Sp. 
Club 
Hobby 
Group 
Comm 
Group 
Know 
Local 
Know 
Gen 
Know 
ID 
Tree 
plant 
Bird 
Feed 
Nat 
gen 
Nat 
Loc 
Age -                    
Income .15** -                   
Education  .22
1 
-                  
Green Sp.    -                 
Out Rec.     -                
Reg. Park    .16**   -               
Loc. Park   .11*    -              
Access Gr.    .14** .15** .14** .29** -             
Diversity        .12* -            
Geo tyoe    .39**    -.15** -.38** -           
Sports Club    -.12* .27**      -          
Hobby C. .20**           -         
Comm Gp    .14**    .10*    .16** -        
Know–loc .35**   .21**  .11*   -.4**    .11* -       
Know-gen   .16** .11*  .21** .13**      .14** .44** -      
Know-id   .12** .13**  .19** .15** .12*    .14** .13* .46** .50** -     
Tree plant .31**   .17**   .11*    .12*  .13* .33** .16** .18** -    
Bird feeding .16**   .18**   . .12** -.10* -
.15** 
   .28**  .10* .20** -   
Native gen   .11*   .12* .13**       .11** .14** .28**   -  
Native local    .15**         .13**   .17**   .33*
* 
- 
Note: ** Correlation is significant at the 0.001 level (2-tailed). * Correlation is significant at the 0.05 level 
